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NATURAL SCIENCE TEACHING IN GREAT BRITAIN/ 


REPORT OF THE COMMITTEE APPOINTED BYJHE PRIME MINISTER TO INQUIRE 
INTO THE POSITION OF NATURAL SCIENCE IN THE EDUCATIONAL 
SYSTEM OF GREAT BRITAIN, 


This committee wus appointed in August, 191G, and consisted of the 
following 17 members, eminent in the educational, scientific, and com- 
mercial life of tlie nation:^ 

sir J. J. Thomson, 0. M„ V. U. S„ D. Sc., muster of Trinity College, Cara- 
lu'idms chainnon, I /~\ * 

It i gilt PI on. F. O. Ari.AN\^#T F. (Lubori for Nortli West Cornwall, and secre- 
tary to Uoni'd of AgriiMiUnre. 

Frof. H. n. Haker, C. H. K, I). So., F. U. 8., professor of clieinistry nt Imperial 
t*(>llege of Science mu! Teclmology, I.,<m(lon. 

Sir Graham H.vi.kour, M. A.', director of edtu*ntion, Staffordsblre county council. 
Sir William Heardmore, Burt., olmlrman William Beardmore A Co. (Ltd.), engl- 
iims nnd ordnance manufacturers. r 

Sir Gu.iikut C'LAcoiiTON, Bart., chalrnimr IahhIoii and North Western Railway. 
.Mr. G. W. Cook, M. A., hcadiimstor CViitr^il School and Public T\ilofng Center, 
Woml (irwn, N. 

Miss E. U. Gwatkin, ^ \ 

Sir A. D. Hall, K. B.. iKu nmnent seoretary Bourd of Agriculture. 

Sir Henry Head. M.'A., M. f)., F. R. S.. editor of Hrain^ and contributor to 
meillcal jmirnnlH. 

Sir Henry IIibuebt, .M. F., Cborloy LMvislott, I-ancs. 

Mr. D. H. Naqeu 
M r. William Neaole. 

MaJ..F. G. Qon.vife;, LL. D., C. B„ director of Science Mpseuin. 

Dr. Micha^ E. Sadleri C. B,, vice chancellor Leeds University, 

ITof. K. II, Starling, M. D„ F. R. S., Jodrell profesjsor of physiology. Univer- 
sity College, London, and sclentlflc adviser to Forces and Ministries, 

Mr. W. W*.* Vaughan, M. A,, master of Wellington College, 

By -the terms of reference the committee was “ to inquire into the 
position occupied by natural science in Hie educational system of Great 
Britain, especially in secondary schools ,and universities, and to ad« 
vise what measures are needed to promote its study, regard beings 
had to the requirements of a liberal education, to the advancement 
of pure science, and to the interests of tjie trades, industries, hnd 

« I - ‘ . 

‘ Compiled bj Walter A. Montgomery. specUlUt In foreign educational afiUme, Biujuu : 
of RducattoD* 









6 natural science teaching in great BRITAIN. 

professions whicli jiarticularly ilepcnd upon allierl scioiicos.” Tn 
considering; tlie provision of scholarsliips, bursaries, etc., the coinniit- 
tee was instructed to take into account the report of the cousultative 
conmiittee of tlie iWtard of Education on this .subject. 

At numerous sessions the coininittee receivi d the evidence of « it- 
ne.sses including tlie ropc^ntatrves of all branches of .scientili,. 
thought III Great Rritaiii. A large jiart of the iiiforiiiatioii on whicli 
tho report was based was obtained in aii.^wor to questioniiaiVes ad- 
dre.ssed to schools, universities,, and industrial firius^ the ii.dst sig- 
nificant of which are iipponded. The separate sections dealing with 
bcotland and Wales, being of local interest and value, are omitted 
, in this pre.si'iitnt ion of the report. 

I'he complete i-eiiort was formally presented to tlie Prime Minister 
on hebniary 19, 11»18. 

INTRODUCTION. ' 

.* , * * ' • * • - • 

2. i\(it for' the lime lius our edHCntlonal conscience been stung by llie 

thought tbnt we ns a natiou neglecting science. Attentioa was^callM to 

In otJ tlie nine pub* .scboi.N 

in 18W, wlien It was recoinmemIcO thnt all bo.v.s should re<eive inslructi.m in 
some brjineb of natural .scicine (luring part nt least of their seined career. \ 
TOUiuilttee of the Uripsh Hs.s(K.'inlion dealt with the subject agiiiii lii I'siKi 
(Irnw hg the valuable dl-stincUun between .sclentllic Inforumlhm aud .sdenlilic 
. trnin nK, and making recmmuendnli.ms which inlluenced the course of sck'n. e 

■ 7^ . of sclet.ee teaching in Ehglaud. In 

186., at the \er,\ time the puhUc sclmols commisshm was holding Its liiqnirv 
the only Instruction In .seleiice nt om< of the grenlest schools la Englnnd wiis 
g.\en on Saturday afternoon by a visiting teacher, ami his meager appurutus 
jras stored (u so damp a .mplmard that hhs experiments usnully broke down 

t Jt -M ■ 7 ’''’'' ''"f cf this school told the commissioners 

that InstrtmtI.m In physical sciences wiij, except for those who have a taste, 
and Intended to puisne them as amateurs or professionally, practically worth- 

dn^ei *17’*, '" O' ^■ertuhi schools tb Intro- ' 

le eac 1 "B of science, but this work was done under great difficulties and 

rndlfieZf h " , «<• -1th 

iDdllTereDce by the pareots. 

JGradually, thanks to these reports ami to.the efforts of glft^Aeachers within 

faLw'’T'*i aubjecu won toleration. If n^Tflectlon, In the 

family circle. Meantime public interest in science was being aroused by the 
acli^ements of sdentlOc workers like Darwin and Kelvin and by the writings 

hnf^w"* edtlicsaon was withfn the reach of 

o? r^o h boarding schools-theri 19 be numbered 011 the flngera 

• tradlUons or Increasing wealth ; the old estnbllslied grammar schtmta 

■ ' offered to oth^ in their Immediate nel^h: 

' * naed^f h^*^^**" of education often most eagerly . seised and frgitfuUy 
1^"- f!’ oehools science teaching avalb 

& ^ ^ ** ?o"»efi«“es denied It altogether, j|nd we» 
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fvrtaliily dUcouniKml from pursuing It unless- they hml shown In(*Jipnrity for 
c-iasHics or luathemaUcs. For girls even these Uiultod (>|)|M»rtuiiUies did not 
exist. Information about their oiiuuitiuii at this perUxl is sointy, but It inuy 
safely be said that no orguni7.e<l instruction in srietiee was available for them. 
Those weakiies.sos, whieh persisted long after the liUUie of .seleiioe was lialf 
wnn, Imve never heeji entirely reiimvt*d iby a groat stirring (>f piihlle opinion, 
even though <mr defects in Hcientillc edu*ntt<ni hn\e Uvn tit fully [Kunted out 
:hmI td some extent corrtsHt'd, 

I'tirther, while the secMiidiiry schonl, sn far as it existed, iviimimsl umlor 
ihe elnssical trmlitioiif ilte schools whicii grew up under tlie seieuee and art 
dopa ri hieut tended to he one-sided in liie opposite direction, fostering science 
lo the* exclusion ot Ilierat ure. The ri\ er of tsiucat ional •enthusiasm, never 
too sirougj was coiistHpu'iitly sidit into twtt weak streams. 

The prohloin ha.s, of course, heeii after ted by the wide extension of .second - 
ary educntir)n tliat lias marktsl the last 15 yrnrs. hut tlie older seluMds have not 
yet l*oeii entirely fretMi from n)) their prejodiees, and tlto newer sehmds, in 
sldte (tf tlieir iM.‘rtor bn I a nee of stihjts-t.s may peri»a()S Imve uiis.sed some of 
tlieir opportunities. * 

3. Froin,scinMds .so few in mindter and so liniittNl in aim. rccruitR for the 
tiniversines cvnilti not t>e ohiaimsl in abundance. There were professors of 
s<’ientiiie .subjects at Imth ttxfoj’d and (.hmd>rld;Je all throngii the eigliteenth 
and niiieteenth ceniurieSt and no doubt tiiey miructed to tlieir Its-ture nKiins 
individnni stmfoMis, hut it was not until half-way titrongh the hitter century 
that the esiablisliment <»f boimr schools in natural JW’ioiiee gave formal recog- 
nition to the t>ositi()n of Hcien^e. For some years tlie scnnf>' cla.ss lists bear 
eloftuent wiine.s.s to the dearth of suidenu. The reports of the university coin- 
missl<(ns show liow this dearth was not the only difliculty witli which the ne^v 
subject had to coi)o. Classics piul nmtheinnttcs cemdidy held a privilege<l 
posit i(m» and It re<i Hired the steady elTorts of men who were looked upon ii« 
dangerous rofonners to win tiie tinii ground whjch science now holds, 

Ihit Oxford and Cnnd)ridge were not to be left in sole possession of the 
nnlverslty’territory in Kngland and Wales. Durham had been founded In 1832, 
Ix)ndon University in 18:W. Detween that date and the end of the eentury the 
Ih>yal College of Sclenco was founded in Condon and 14 university colleges 
wore estdblislied In the more import out towns. Many of these subsequently 
developed Into universities. At both stages of their caret'r they did Incal- 
culable .service to the cause of science In offering stitmdating teaching and 
opportunities of research to many— men nml women— who were pressing to 
enter the realms of new knowUnige, But even though there was a bias in 
favor of science they were hand lea p|M*d, ns the elder universities were, by a 
lack of students. Eveu those ^Ylth the enterprise to force their way thibugh 
'the obstacles of their circuniRtances came often lll-prepare<! by previous edu* 
cation, ifnd much ability 'was left untapp^fj. That so nmi:\\ was done under 
such pondltlons only Intensifies our regret tlat So much was lost. Genius has 
a ,'rtay of s«\'ing itself, but it can not be lotihUHl that a ,sad amount of the 
general ability on which ‘educational tqj>«lnnd steady scientific progress de- 
pend rail to waste for want of opporiuirfty or on account of misdirection. 

4. And now it Is the war and Uc^ceds that have made us once again con- 
scious of the nation’s weakness In science. But It is for tite sake of the long 
years of peace quite as niuclt as for. the^ days of war that some Improvement 
In the scientific education of the country* is required. «Tust nw, eveirODe Is 
prepared to receive science with open arms, to treat It as an honored guest In 
qur .educafional system, and to give U of oj^r best Just now* it seeoM almost . 
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tinnwwsary to take action to Inanre ag^alnet any relapse Into the old opndi- 
tlons, but experience of the past shows us that temporary enthusiasm n^eds 
to be fortified by some more binding material. --Good will is much, but good 
will weakens, and we must not sacrifice the future to our fears or even to our 
love of liberty in educational matters. It ought not to be beyond the wit of man 
t^ devise a scheme of education that will be durable, yet elastic ; a igjiherae 
that, while securing that every child should be equlpi>e<l with a knowledge of 
science, will not cramp the teacher t>y a syllabus or even by a rigid tradition. 

Some of ihe advocates of scientific trainlu)' have dnn^agctl their cause by 
claiming too much for iheir subject and by seeming to deprec'lute tiie value 
of the lite|ftrj’ studies which had temlcKl to monopolize the attention of the 
ablest boys who enjoyeil socomlary (Hlucatlon. To many, Gre<‘k *ami I^tln 
have seemed enemies wla>,^from havitig oixupied the edunitloua! ground be- 
* times, have been able to dig tlmmselves in and to liold an almost impregnable 
position,'‘due not do their merit as educational lustrunieats but to the accident 
of priority. There is truth in tlds.^ut we do not tldnk tlmt the surest mothotl 
of vfetory Is to be found In the overstatement of the merits of science or the 
^depreciation of the value of classics. Some of the ablest ndnds linve receivetl 
from their classical instruction emluring gifts that have \ h^u of gre^t service 
to the State and of great refreshment to their possessors. It is our belief that 
a better nervice can Ik* done and a like refreshment gaim*d by those whom we 
hope to see Educated on the wider lliu>s laid down in our rei>ort. Tlie Inmianiz- 
Ing influence of the subject has too often been ohscuiiHl. We are, however, 
confident that the teacldng of science must he vivified by a development of Its 
human Interest side by side with its iimterlal ami meiimnlcnl aspects, and that 
while it should be valvied ns ihe briiiger of .pro.sperlty and power to the indl- 
Tldual or the nation, It must never l>e dIvorcC<l froni those literary and historical 
stufliefl which touch most naturally tite heart and the hoj>^ of mankind, 

5,-There can Ive no need tiow to labor the Important part tMai science should 
play in our education, but memories are short and it may be well to rt*g!ster 
in formal words -^nr future comfort. If not reproach, wimt ail would readily 
grant at Uds inouieu^ is not possible to give an exhaustive account of the 
8 Cop 9 of science, but it fs Hot superfi^ij)U8 to point out that It lias several dis- 
tinct kinds of educattkyial value. It can arouse and satisfy the element of 
wonder in our natures/ -V on Jntelleiiual exercise it disciplines (Jbr powers of 
mind. Its utility and applicability arc pbvious,* It quickens and cultivate 
dlrectl/ the faculty of observation. It tenches the learner, to reason from 
fhcU which come under his own notice, Hy it the i>ower of rapid and accurate 


^ generalization is strengthened. Without It there is a real danger of the mental 
* ^hkhit of method and^rangement never being acqulretl. Tliose who have had 
much to do with the teaching of the young know that their worst foe^ is Indo- 
lence, often not willful but doe to the fact that curiosity has never bequ stimu- 
lated and the thinking powers never awakened. Memory has generally been 
, cultivated, someUmes Imagination, but those whose facuftles can best be reached 
through external and sensible obJeAs have been left dull or made dull by, being 
expected to.remember and appreclatowlthout being allowed to 8ee^an<l criticize. 
In the sc^ce lesson the eye and the judgment are altCaya being called upon 
^ ' for an effort, and because the rwult la within the vision and appreciation of 
the;leamer he la encouraged as he seldom can be ^hen he is dealing with lltem- 
It has often been noticed that boys w^hen they begin to learn . science 
lecelve an. Intellectu al -jr efteehment which makes a difference even to their 
liteimry^work". " It is tMhlble td'lmaglne.a Uiue when, the obstocle to progrese 
Ih'hj^tlflc.edn^tibn might be; ^e attitude of sdehtlfic teacbejrs, hut that tl^ 
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|g fnr distant and It Is hard to believe 0»at the teaching of a subject whose life 
depends on discovery can for long be sterlllzetl, as has been at* one time or 
another Instruction In almost all the other branches of human knowledge. 

Too few parents of this generation can satisfy their children’s curiosity about 
the wonders of the heavens, the movement of the planeta, the growth of plants, 
die history of the rocks, the dawn of animal life, the caifses of tide and temp^t, 

I low necessary science Is In war, In defense and offense, we have learned at a 
iivviW price. How It contributes to the prosperity of industries and trade, all 
Htc ready to admit. How valuable it may be In oi»enlng.the mind, In training 
111,* judgment, in sUrring the Imagination and in cuUivuting a spirit of rever- 
few have yet accept wl in full faith. 

A iKith'ii thoroughly trained In scientific luethml and stirred with an enthusl- 
nsm ftjr iH‘net rating aUd understanding the secrets of nature would no doubt, 
mip n rich material harvest of comfort ami pr(»si>erhy, hut Its tru^t reward 
would he that It Vould lie fittwl by '* an ample and generous education to per- 
UirUx justly, skilfully, and inagnnnluiously the offlres both private and public 
of peace and war” 

6. Our terms of refereiuv have lH*on stuttnl above. \\e are conscious tliat In^ 
some directions we have not carrie<l (uit our iustruetions to the extreme limit 
of tiielr lntei*pretntlon. Time luul the cimuiistances of the wmr have pre- 
uMitmi us from probing by |>er»onaI inst>eotlon the way in which the work Us 
III,' universities and scho,>ls of nil klnd.s is actnally l>eing done. We have taken 
faith for granted in nil cases and have on this basis trle<l to assess the 
professetl and the material arrangements made. Our recommendations In 
the main refer to the multiplication of opimrtunitles, to the creation of a sult- 
^ihle environment, and to the nmiovul t»f liampt^rlng restrictions; we must not 
1 h* tJtken to underestlmnle the less ixuidenible elements of a scientific educa- 
tion. If. on the other hand, wo may .seem to have oveiwtepi>ed our terms of 
refertmee in sonie/lirtytlons. It must he reiueml>ere<l that wientific e<lucatlon 
nin not Iw» di«mtnngled from the genenil e<lncatlonnl problem. ^i^Llmla^ie« that 
in theory sc^m to the looker-on well defimxl are in practice ol>Iitende<l. • 

The war, as we Jiave said, has c<mtimially hami>er«l us In oui;. Inquiry, and it 
must sadly retard the realization of our hoi>es ; on Ihe other hand. It has in- 
creased the urgent need of notion and it may bo it has sllenceil some opposition, 
Ji certainly gives no excuse for the pt>8ti>oueiuent of a start to recover lost and 
to win new ground. Such ground. It Is tnie. will never be surely held unless 
Itfts slowly won. But It will never be won at nil unless the j>resent opportunity 
Ift seized. To postpone action but II equipment and buildings are perfect, or the 
• supply of ^ Ise teachers abundant, until the entluisiasin of the parent Is roused 
or the patronage of the employer la »ecure<l. until ull feiir of officials has van- 
ished and complete confidence exists l>etween the literary lion and the scientific 
lanib.ds to place an obstacle In the way of progress, an obstacle greater even 
than the war. * . 

« « • . t • • 
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7, in our terms reference special emphasis Is laid oft the consideration of 
the position of science !n secondary schools and universities. As it Is In secondary 
schools that questions as to the neglect of science and Improvements In scl^ce 
teaching are raised In the most acute form, we think it desirable at the outset 
to consider at some length the conditions at preset existing In theiw scl^ls 
and the nkkUfiditio&s which in pur opinion are d^rable^ . 
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THE POSITION OF SCIENCE IN SECONEABT SCHOOl£. 

A.— Bot*^ Schools In Eng^land. 

8. Under this heading we propose to deal with those schools whlcli chH-tie 
- boys up to the age of IG.or over, and whose currlculmn covers the subjects cen- 

craUy regarded ns essential for a liberal education. These schools comprli^— 

( 0 ) A uuml)er of well-known endowed schools commonly described os 

“public school.” Including the seven public schools of the public 
.schools act, 18C8; 

^ (6) A mimher of grniiimar schools and coAi' «"'l nuinlcipnl sclmols. whirl, 
receive giants from the .Stale. ^ 

(c) Proprietary and prh ate schools. 

• * ■ * • .* * * 

9. To avoid any misunderstanding witji regard to the classllicailon of .schools 
which we have adopted as a imater of oouveaience. two con.sideraiions must bo 
borne in mind — 

(1) \\ hetlier a u]>|)lt(*s for the parliamentary praiit or not muy 

de|>eiui on Imancinl or other con si deration 3 which are only iudlrtvtiy 
of eUucaiionnI signlttcance. The cimracter and status of a school m e 
not neoes.sariIy UeteniiincHl by itsS relntloiis to the board of eduratioii. 
Tliere is, Imlmi. from the eUncationni rwlat of view, no sliarp divid- 
ing line which separates S4 Muh>Is receiving grants from thost^ whit!) 
are lnde|>endont of State nid. 

(2) Again, so far as the scieiuv .culijeots studied and the s<*ope of the 
I instruction in^s<'ienee are concerne<l, no real distinction can t>e drawn 

between those Stau^aided selamls wliich sneemi in keeping a mimlKT 
of their Im).v 8 up to 18 and other scbwdg with the same leaving ace. 
In both groups of sch(K>Is the science teaching Is in general coi\fimd 
to the elements of physics and chemistry; botany and zoologv are, 
as a rule, taught only to those boys who Intend to enter the uuHlieai 
prolesslon. while geoloK.v. as far as It Is taught at all. is taken in 
connection with geograpjiy. or Informally as part of the activities of 
the school scicutifle s(x?lety. 


I, ORANT-EABNO’O SEOOND.XRT SCII00I3. 

10. Nearly 30 per cent of the boys In grant:earnlng schools enter before llic 
age of 12 and nearly 90 per cent before the age of 14. Under favorable clfcum- 
stances, where entry takes place, not later than the age of 12. there Is usually 
a course of work In (diy^ica and chenilstl-y extending over four years up lo ihu 
ag^of 16 and leading up to an examluaitlon suth as the senior local «r tli/ 
matriculation examination of the University of London o^ the northern uub 
versltles. The provision of science teaching, which must Include practical work 
la not a matter of choice but of regulation. Each school must submit Its cur 
rlculum for the approval of the board of education aud must further satisfv 
the board that the provision made hi the time table for the teaching of science 
la adequate In amount, having regard to the legitimate claims of other subjeebs. 
If It Is desired that individual pupils should omit science — applications of this 
kind are tare In boys’ schools— the reasons must be stated to the board's In- 
^or and &e exemptions approveij; Science Is thus Included In the normal 
*** attending the^' schools, and ^e^cbtirse In science will continue 
, to,a^ut the age of,ie„except Ityt smalt nnmter of achools in wlddi the cur- 
. tlplum tacludes three! langua^ otlier than EngUshij' The wntrol exe^srt 
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the board through their regulutioiLs Is supplemeiv^ed by tlie Ryatein of inspection 
and allows wide freedom to the schools in devising their curricula. , 

Apart from the control exercise<l hy the boanl of educaflou, there 1 b the inflU' 
ence of tradition. Some graiit-enraiug schools were at one time or(tai\lzeil 
science schools uuder the sclem^ uml art department. In these .schools si>ecific 
and considerable roqnireinents w\*e m:\de by the department with regard to the 
time lo be given to scleiltv, and siH'oial grunts were paid for science teaching. 
Though these condltlous no longer hold, their effect to some extent i>eraiMls. In 
the schools which have been estiihlished since the £ot of 1902 science has, from 
the first been included on an equal footing witli other subjects us an essential 
element of the curriculum. 

11. Tlie weighr which it mtaehetl to seieure lu the curriculum varies from 
srimol to school, Ireiiig depemlent on UM-al eimintstances — the charncter of Uie 
Itms* aftercareers, the Intluemv of pnhlie opinion as reflected In Uie views of 
srl tHtl governors, the predilections of the hend masters, and ao forth— but In 
remtrd to grnut-cnrnlng schools l.iUoii as a whrde, we feel able to accept the 
n><nrunoe of the ivpreseiitatiws of the Assistant Masters’ Association that 
*' scit'oee occupies a ptisiriciM in ik* way inferior lo that of any other subjiK^t.” 

TndtM'd. so fur as wuH; beyond the flge of 10 is concerned therd are more 
griint-onrning schools providing organized Instruction of an advanced kind In 
svh'nce apd niatheinnt !c*s than in classics or modern studies. The result Is seen 
in the seladarshlp awards at Cam bridge. For a large group of colleges statistics 
covering n iH*riod of 10 years show that iMI) scholarships and 96 exhibitions were 
won in all snbjocts by boys from 113 grnnt-ca ruing schools, and that of tlmsa 
scholarships and exhildtious tlio number awnnled for science (S8 scholarships 
and lo exhihitions) was larger than for any other subject on which awards wore 
inmle. These figures show that ihe minlher of the abler boys who specialize In 
science is a satiHfnotor>* proiwrtloii of all Uiose who receive advanced iusiructlon 
at grant-earnlug sclumis. 

12. It must not, however, be ussume<l that the conditions of science teaching 
In grant-earning schools are wholly- satisfactory. 


(1) It is agreed that entry Into grant-earning secondary schools should not, 
as a rule, be deferred to a later age than 12; but many boys are 
admitted at 13 or 14, In some cases unsuitably or ill prepared, with 
tlie result that their progress In school subjects Is adversely nlTected, 
aud harm is done to those with whom they are classified. 

(ii) It is even more serloos that largo numbers leave before completing the 
course 'required to carry them up to Uie stage marked by a first school 
examlnaUon appropriate for boys of about 19- Statistics puhllshcil 
by the Board of Education show that In the three years ending .Ttdy, 
1913, nearly 71 per cent of the fee-paying boys and 49 f>er cent of the 
boys who paid no fees left after having spent less than three ,venrs 
at a secondary school ; ami that 84 per cent of all the boys who left 
In this same period bad not attained the age 15, The large pro- 
portion of boys leaving at this early nge Is dm to (1) the parents* 
Inability or reluctance to forego the wages which boys of 14 can earn ; 
(2) the. want of appr^iatlon of the value of secondary educatitm, 
even from the t>olnt of view of success In after |We; (3) the tradition 
of beginning work at as early an age as possible; (4> the desire of 
the boys themselves to empe from the restraints of ^lool life. 

We shall return to these matters a^ln, but In the' moantline wirald 
V; point oiir that the po^tldh of sclent, of Indeed of anjf bth^ sublet, in the::. 
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on the great maas of their pupils entering at an age which should certainty 
not be later than 12, and remaining at least to the stage marked by the lirst 
Bchool exaiDination. 

(ili) We have already pointe<l out that In resj>oot of advanced work science 
In grant-earning schools stands generally In' a better position timn 
other subjects. But the actual number of sehools providing properly 
organized advanced Instruction In science, that Is to say not merely 
giving teaching to lsolnte<l Individuals, is all too* simtll, not from hick 
of will on the part of the schools or of ability to gl\^ advanced in- 
struction on tiie part of the teachers, but chiefly from dearth of implls 
willing or able to remain at whool for a further course of instruction 
from 10 to 18. Only a very simill proportion of boys who attend 
grant-earning scliools pass on to the universities. The resulting do- 
ficlcncy III ad\nnccd Instruction is i>crhnps tlic most serious source 
of weakness in thest^ schools. It affects not only the work done In 
the lilghest forms, hut also the whole etiurse, for the existence of a 
class of boys carrying the stmly of .‘science up to n relatively high 
standard is a stlniului; <to tlie teachers and reacts favorably on the 
work throughout. 

(Iv) If ndoQunte provlslou is to be niadc Imth fi>r tlie general work of the 
school and for advancetl courses* It. Is. clearly nece.ssary tliat the 


schools sliould he euilahly staffed mul equipi>oil. These mutters are 
furtlier dealt witir In a later section of tlie repi)rt, but we would 
here iwliit out that tlie scale of starting Is not always suUlciently 
generous, and that ofted It Is deviswl witliout regard to tlic fact tliat 
ndvanccHl work involves a larger proportion of masters to boys in 
tlie s^diool ns a whole. Vnless this fact is recognizetl, the work either 
of tlie mlvancvd class*^ or of tlie main part of the school Is bound to 
suffer Inasmuch as the extent of the science instruction will 
.sarily vary In different school.'^, it follows tliat the roqulremeiits of 
tmei) iiulividual s<*hool retpiire to be separately considered by the re- 


sj>onslbie authorities. ^ ^ 

(v) The amount of time to be allotted to science is not speclfled In the 
regulatlotis of the board of education, but must come up to the nilnl- 
4iium which the board, having regard to the circumstances of the 
school, are pi^pared to accept. Though in ninny schools the time 
actually gl^f^lT^to science In the third and fourth years of the iwrlml 
12-10 Amounts to one-fifth of, the whole time spent In school, wc were 
Informed that In a considerahie number of schools the time for 
> science might be ns little ns four three-quarter-hour periods a week, 
or even less. In some scliools, owing to the pressure of other suli- 
Jects, the time allotted to science has been reduced In recent years, 
and the minimum which the board has accepted la In our opinion too 
low to Insure that sufflclent^pportunlty la afforded for the carrying 
^ out of a satisfactory course. As a consequence of an Innilequnte 
' ^allowance of time, eithca- physics or chemistry is not uncommonly 
dwpedv at the age of 15, with prejudicial results If no other science 
subject is taken. ^ 








' (Vi) Again, the scope of the .work Is often too restricted, even wlUiln the two 
main subjects to which It Is almost universally confined. Thus Im- 
portant branches of physics, such as light or electricity, may l>e 
wholly omitted,^ and we wciw Intonned that In some cases physics 
r up to the lis me^ lltUe more.^Uian procKlcal meaimrej^^^ 
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and heat, while In chemistry the theoretical foundations of the sub- 
ject are often neglected. 

(vil) Further, In (qilte of the fact that the majority of boys leave at or before 
10, the schemes of work are often only the Initial stages of a plan 
whirh will never be coinpletetl. They are, In fact. Influenced Indi- 
rectly by tlie requirements of university entrance scholarship exaral- 
mitions, which are rteslgne<l for those iKtys who have specialized la 
science. This holds good even Iji those schools In which fe^v boys In- 
tend t<^go to the universities or remain after the age of 16, 

(viii) Lastly, we are In ngrt^ement with the vitwv that there might l>e a greater 
dlfTerentlation between the curricula <»f secondary sch^ls In the more 
thickly i>opulatetl areas where several schools are enfelly accessible, 
TItere Is room Indeed for the mcMllticution of currlculn so ns to 
allow of less time Ining allotted In some of the schools to the study 
(d languages other than English, and of more time being given to 
scieiu'c, mathematics, nmnunl Instruction and drawing (Including 
iile<iinnical drawing) In the last year or two years of the course. 

This would not he dlincult to arrange, at any rate in those schools 

where n large proportion of the hoys Umm only one language other 
than^':ngllsh. A curriculum of this kind Is more esi>ecinlly to be de- 
slrtMl in schools from which boys pnss Into engineering and other In- 
dnstrli^ of a sclentiflc character, and might well be framed with an^ 
eye to Its sullal)nity for pupils, who w ill, enter senior technical schools. 

What we are here suggesting Is already done In a few schools, and 

we iindei-stand tlmt the work as a whole hns become more effective 

and is more successful In stimulating the Interest of the I>oys Just 
hecause It 1ms a more obvious purpose. We think that the plan might 
uss'fuliy l>e extendeil to a larger numimr of secondary schools where 
local ciroumstunces are favorable. We would go further and 
tlmt In some secondary schools no foreign language should be cotf(i<» 
pulsory. In nil schools where no time or only a llnilte<l time Is given V 
to the teaching of a modern liniguage^t Is essential that English sulv 
Jects should he regardetl ns of at lenst equnl importnnee to science 
nnd rea‘Ive corresponding nttentlon. 


II. PUnUC AND rHf:rARATOUY SCMOOI.S. 


13. In n Inrge number of public schools the pnietlce Is for Imys to enter at 
131 to 14, after having spent three or four yenrs at a separate preparatory 
school. Some schools Imve preparatory departments for boys between the 
ages of 0 and 13; but even In these schools the majority of boys over 13 have 
come from preparatory schools under sepnrnto control. 

« * * * * • ‘ « 


PUBLIC SCHOOLS. 


, 14. While grant-earning secondary schools are compelled by regulation to 

make provision for the teaching of science, those public schools which are not 
Stnte-alUed are under no such obligation, except so far as science may be pre* ^ 
scrll^ by scheme as part of the curriculum. Forty or fifty years ago higher 
secondary education In this country 'teas to. all Intentaand purposes an educa- : 
Uon In clasalcB and mathematics. Since then It has come to he recognU^ that* 
o^er subjects. Including sclefice, have a claim, on school tlmerUblM and ^ 

, vicaiau ^epi^lem oitfindlng topih for what are caHed'mod^^^^^ 
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e\er> where dealt with on the same lines- The bcIiooIr liave i‘es*i>omle<] t(t a 
varying extent aiul In dlfTerem whvs to the elaims whioh haVe l>een made .»n 
educatioiml uud utUltarian gioumis f*>r the re<’OKi»ltiou *>f aubjects formeilv 
left out of accuuiiL Nor is It only in the seliooU of ci>iutmrutiveljH$tf)Klerii foim- 
(iatloa that such elaims Imve found m-ognlUou, The ul.lt-r tk-liools. too. hnvo 
estuhiisheU lubi>ratories and itro\idtHl oi)portuiiUies fur a eonsiderabie amount 
of instruetlou In acience for Uiose buys at least who desire to leurn the sunjurr. 

a \ lew* to arriving at the fads with rejtarG to the present intsition of 
Kdenee in the public Sihools we issued at mi early sta^'L* of our procee<lings a 
ttnesiiomtaire to tliuae schools wliich are rei)resenu*d on the Head Masters’ 
( onferenec but are iiut In receiiit uf parliamentary grRiii. An exflinlnatlnn ,tf 
Uie answers shows that wbllo the great majority of these schisds offer mbMiuat.* 
opportiinltk^ for the stiuly of see i nee to those boys wliose parents dt'slre it, 
tlu're lias in the public kcIiimiIs as a whole been no general re<’ngnltlon of tin* 
princiide that science should form an essential part of secomiury eduoarlon. 
If tills iirlneiple were ref'ognlxed. all b"vs would receive u reasonable amount of 
Instruction In science, extending over ii substmuiul pjiri of the scIkhiI coucm^. 
They do nut iiuw. 

13. The majority of the huger schools ;ge orguulzeil Into separate cl:i>.sic;d 
^ I modern sUlcs,* tlie division between the two sides oXteudlng half or two- 
thirds of the way down, or even from the top to the bottom of the school. On 
the modern side the time given to science is as u rule adrtpiate, and full oppor- 
tuultlv*8 are pruvldinl for hoys who wlsli to sptHdHllze' in the subject In the 
up|>er fonns. On the elnssical side the tmsltioii Is very dllTerent. ft vurie.s, 
however, greatly in dllTerent 30ho,ds. In one famous school uo provision is 
made for any leuciiiug of science on tiie elas.slcal side as part of the regnhir 
school curriculum. In another, boys on the elnssical and modem sides Imve 
espial opportunities for revolving instruction up to the .stage at which apeoializa- 
tlou begins. More commonly some small i)ro\islun for science Is mmle iu the 
time-table of the lower or middle forms o/ tlie classical side. It should he 
observed that If the teaching of .vcicace on the classical side Is conflucil to the 
lower forms, a clover boy who is placed on entry high up on the classical side 
may altogether miss Instruotlon In sK’leiK'e. w\galu, in WTtaIn schools sciem*e 
can be taken In the upper forms of tl»e classicul side ag an altenmiive to a 
inotlern langnnge, but here It tends to he neglwtetl b*y hoys nhalng nt classh'al 
scholarships. latstly, whore scionc'c np[>eH rs ns a mvessn i*\* subject in i he 
classical side curriculum, the time given to It Is usually limited] to two fH‘rlod^ 
'or even to one perlotl a week. Tlie evidence justlfles us In svayiag that sclenee 
has received scant attention on the classical sides of the public schools, ‘ 

10. It Is not, however, always renlizwl that in the bigger hcIiooIs a large and 
increasing majority of I lie boys are to be found on the imtdeni sides where, as a 
rule, the time given to science Is reasonable. But any siitisfactlon that migid 
conceivably be felt on tills score must be largely qimlltivMi by the following con- 
Bidei^Ions. The nuxlern sides Iu the older public kcIiooIs are ii later gr»*w(h. 
origlijiting in ro^nse to a demnnd for au etlucatloii of a uonclassitnl tyi>e. It 
can not, however, be sold that up to the present there lum been eltiior in . tlie 
sdiools or In the universities any clear cdriceptlon of modem studies whicli 
might give these sides a meaning and au nim. The leaching of classics has 
behind It a Icmger tradition and is on the whole better nndentood, with the 
reeuit that teaefaere are on snrer g round. It looks forward to an end which 

gUei« 4 her. «s«I to loclDa* whti U cHhI . 

whoois the ora^QisatloQ. iDcindes M^&rate cUnfcal, modem, 
ai^ .dmee In thm the opportaBUtm for sdence Ustruction sr. jm on the 

> . ■ r.". 
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Is clenriy nuirked by the Oxford School of Llterc Hunianlores or the Cam- 
In*i(j;:c (’InssUfal l*rl|K>s. The miKlern side tyachere, on the other baud, have 
tn dcjii not only wltli tin.* future cantlUlale for a university honors decree in 
scieiicv. muthenmtics, or aioUeni iHncoHKes. but with a lurce number of boys 
uiio will pass directly into the ranks of coumicrce or iiulustry. Again, the 
HiisslciU std(*s have all the advaiituges of a more eltecilve working , of the form 
systrni than Is easily nttainablo ou the uiixlern sides, wliere the work Ls so 
nimtU dlstrlbnUMl among a larger nimiher of niasters that no one master st^ 
i;ny group of boys for a largo part of the S4 lantl we<‘k. The naHlern shies 
snn’er, in fnot, from diversity of etTori am) iutletiniteiiess ttf aim, and them' 
itnalilious do not make for strenuous work. These weaknesses are aggravated 
by tile fact that, for reasons dealt wftli elM*\vln*re, tlio elasslciil sides include 
a large proiM)rtlon of the abler latys, Kurtlier, tlie estHblishment of lumlern 
sides bad (lie unfores(a*n result of pnoiding an exmjse ft»r the neglect of 
S( ien<H? on the classical sides. In tnir view It is a very real dofwt In ■T»uidic- 
m Iuk) 1 organization tlmt boys should in nmny sclunds have to make their choice 
l>ol ween a classical side in wbUh scltMue is ulinost wholly n^ghvied and a 
miidern .side in which t lie .general edncai leiinl cmuiitiinis are in many ways 
iinfavorabli'. 

We believe that If these <lefiM.ts are to 1 h‘ ivinolied It will bo necessary to 
secure; tirstly, that the rh a meter of the e.\i sting entrance scholarship exnml- 
Path ms I>otli at the scliools ami at the coIlegt*s of Oxford and ('ainbridg^ aliould 
be alteia^l so as to get eid of the excessive si>ecializatioii by which the work In 
a)! siibje<'is Is now eliiuiuterized ; secondly, that the alms ami character of a 
modern ednentton should be more eb*arly detineii, not (.oily in schools but also 
at the nniver.sities. 

School organization Is still further coinplicatml lyv tiie existence of army 
sides to nuH^t the sni»|Mtsml retiulrements of tbos imys who are competing for 
ciulelships at Woohvicli and Sandtinrst. In this conmN’tion It seems to us most 
Imivortnnt tliat science shoubi he made a compulsory subject for entrance to 
.tile Uoyal Military College, for, apart from the Itn|MU*tance of the subject for 
an. oflicer, dealt with el.sewhere in our rei>ort, tin* present liberty to neglect It 
would thwart any scheme for a general cdneatlon such us we recommend, 
and iM^rpt'tunfe il>e existence of siteclal, army sides. We st*e no reason why 
the education of army candidates should dinVr from the eilucatlon of other 
boys of the same age, 

• * * * « * 4 . 41 


18, It Is noMoenble that In several of the larger public schools no provision 
Is made for the teaching of science In the louver forms, which often contain a 
snbstantlal nyoiwrtlon of the total number of boys In the school. This implies 
that, except in the case of those boys who, will later spoclnllze in science, In- 
struction In the subject Is confined to n period of two years— I, e„ from about 
14i to lOf In view of the fact that In State-aided schools Introductory work 
experimental science is comonly l)egun at 12^, and of the experience of the 
Royal Naval College, Osborne, that satisfactory work can be done by boys 
of this age, we can see no reason In the nature of the subject for the post- 
l>onement till 14 or 14) of similar work In public schools. We are confirmed 
In tlds opinion by the evidence of one of tbe representatives of the Head 
Masters* Association, who stated that “between 12 and IS boys^ arrive at a 
stage when they could appreciate experimental inveetlgatldn,** and added that 
* a beginning wtrald then be made with general chemistry and physics,** ne 
postponement of gaeh work UU 14) restilU in limiting undoly the i^riod over. ^ 






' 16 ■ NATUKAL SCIENCE TEACHING IN GREAT BRITAIN. 

wifleli science teaching Is given, and setting boys of 14} to do work which Is 
too elemeotary for tlietr years. 

10. It has already been polntetl out that tlie abler boys at tlie public schools 
tend to pursue a classical course. This Is largely due to the induence of (a) 
the school entrance scholarship oiouilnatlons and (6) the entrance scholarsldp 
examinations nt the colleges of Oxford and Cambridge. 

(a) In the examination for entrance scholarships nt mo.st of the public 
»ichools, the papers sot in classics arc of sm-li a character that to do well in 
tliein a boy must have dovottMl iimch iiinve time to this subject than to any 
other. As great weight is a.'isignod to ilu'.sc papers, it follows that many of 
those \v)io compete for those scholnr.sliips have already specialized to a v®ry 
eonslderable extent In classics, and Ix^forc leaving tlio i)rei)aratory schools have 
ro<*eIved a bins which makes them clioose classics as their main siibject of 
f^tudy nt the public .schools and the universities. It results from this that 0) 
some hoys whose al>ilitit^ lie in otlier (litHMiimis tlam classic.s miss the en- 
couragement which is legitimately attarh«Ml to tlte winning of a -scholarsiilp; 
(2) others are entico<l along a path whlrli does not lend them to their true 
destination; (3) tlie curricula of many iu*cparatory .schools are unnaturally 
dlstortWl. 

Tltp system by which enti'aiirc M*holarsliips are distril>uted among tlie 
different .snltjcets Is nut I lie same in the (wu universities. At Oxford the prac- 
tice Is to announn' timt n definite nmnbtu* will be given to natural .science and 
to each of the other subjects. For tlie imriod l<KHj-101.") the total nuinhcr of 
fsdiolnrships and exhibitions nwardtsl for tilt subjects at tlie Oxfonl colleges 
was 1,028 scUoItirsIiips mid fil.*) exliil)lthms. of tlieso, 115 scholarship.s umr.^n 
cxhiiiltions wore awarded for science, (l.'v() scliolar.ships and 8.">8 cxidbitions f»»r 
elHss!<*s, 122 scboItirsiili»s and i:i7 exidldtlons for history, 141 scholarships and 
- r»l exlilbitlons for nmtiiennitlcs, and (U scnularshlps and cxhil>itiona for otiier 

i subjects or comhinntluns of suhjocls. The mnn!>er of scholarslilps and cxliilti- 

■ tions aWiinUHl for .scituice, 10.(1 per cent of all the awards, seems to us far loo 

small In comparison wltii tliosc iiwardt*d for some other subjects, ami wo think 
that an Increase in tlu‘ nuiubcr would proinole tin* study of science at the pultllc 
; schools. As things stand there Is a definite Hm^lcial Imluccmeut for the abler 

i boys to pursue a classical course. 

At Cambridge there l.s. In general, no allotment of seholnrshliis to special 
i subject.s before the examination, and the number of soludorshlps Jn any sub- 

. ject Is determlnotl by the relative iK i rormance of the candidates who^reacli 

, scholarship standard In the several subjects. There is reason io believe that 

science Ib, in resiK>ct of entrance? scholarships, on an equal footing with other 
j subjects. For Instance, at the large group of colleges already mentloueti, out 

j ' of 895 scholarships uiul 378 exhibitions in all subjects 228 sclmlarships nnd'loS 
I exlilbltlona were awarded for sclciuxi or for science and niathenmtlcs combtnetl. 

} That a subs^jpitial majority of the abler boys present classics as their sub- 

ject la the scholarship examinations even at Cuinbrldge is evident -troiu the 
scholarship and exhibition statistics of the past 10 years; and, further, the 
scholarship winners at the universities are, as lulglit be expectetl, larg^^ly drawn 
from those who have already won entrance scholarships at the public schools. 
♦ • • The significance of these facts is unmistakable. Not only is It true 
that a considerable majority of the abler boys Id many of the public schools 
pursue a course designed to l^d up to university entrance scholarship" exam- 
Joatlotui In classics, but these abler boys are to a large extsnt directed toward a 
t ^ course of this kind by the character of the entrance-schoiaiship examinations 
conducted by the schools themselves. 
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‘ Wo cun not think that there la nny natural distribution of ability in rolntton 
to literary and soiontiflc studies which corresponds In any way to the actual 
diMi'ihutlon of schoinrshlp awards for those two kinds of study; and it Is 
ii(i|K»8sibie to avoid the conclusion that tlie effect of existinjr entrance scholar- 
sliip examinations at the pubiic schools Is to divert to speeiullzfKl ilternry and 
lio^oiistic studies of a jutrriculnr kind boys who mipriu have tu*en smressful in 
Hlier tields. In this view we are contirniwl by the evidence j:iven by tiie head 
noisier of Hufdjyt who reimirktHl ** that It was perfectl> true (liat tlie scholar- 
ship system as it was at present worked at schools and the two imlversitt's 
mxiord and (>auibridge) hud the effect of encouraging Itoys to pursue classical 
^Mnli(*s when they ndglit have taken up pther subjects/* 

riiiverslty entrance seliolarsblp examinations have'a further effect in that 
linn innuencp the diaracter of the science work of the schcKils from which 
Si Iiolnrsldp cu!tdi dates are drawn. We have already referred to this point In 
n-nni'cthm with the State-aUIiMl schools; tlie same critiolsm applies, though 
ill ;t less dhpriH^, to the puldic scliools, as they lose iaim>^ of their boya at 16 to 17. 

1 * 0 . We have had soim* eritkisms to make (tn the orpaidzatlnn and curricula 
m jiaidic schnols. imi ii is a mistake to regard the public-school eurriculiiin 
ii*; '•mneihiug for wldch head masters must hear the sole responsibility. *CJie 
schools are infhn'uml ind only hy Ihe requlremeittfi of the unlversltlt^. hut 
a No by the chnnglng values whicii are attacbe<i to different branches of study 
and ii\ tlie )tressure of public opinion; and our mnln euncern must be to secure 
tliio ali ^vho guide such opimon should recognizb that a living knowledge of ihe 
hu ts and principles of science forms an essential part* of every well-bulniicetl 
cdiirnTional^ course. 

To sum up. we think it mnidfest that so far there luts no geiiemi 

and suflicicnt rect>gn'Itlon Of science as an essentlnl pnrt of Uio curriculum 
lor all boys in the public sclmols, that tlie effect of the sdudarslilp exnininntlftns, 
iiotii at the sch(K)ls tlieni^elvcs and at the univer.sUleH, and the Inequality In 
the number and value of the scholarships awarded In dlfTerent subjects tell 
against sueli recognition ; mid that nmny of the ablest boys who enter the public 
scluMils pass on to the universities ignorant of science and with little or no 
Idea of its importance as a factor in the progress of civilization or of Its 
influence on human thonglit. 


rnKrAKATonY soomi.s. ^ ' 

21, For information In regard to preparatory schools we are chiefly In- 
debted to the witnesses who spoke for the sclaads reprc#t'idtMl on the Associa- 
tion of Preparntory Schools and to the smumary of answers to n questionnaire 
c.irculiited by tlu*si* witnesses Iiefnre they gave evidence. From these answers 
it appears that, in the mnjorlty of the 1107 preparatory schotda replying, no pro- 
vision la made for the tem.*hhig of science (iudmllng under this head imtuVe 
^ I tidy and practical inensurements) as part of the regular cuniculum. It is 
oven more sign Iflcant that, widle the report drawn up by th** joint committee 
i*f the Head Masters* Conference and the AsMtclntlon of ITepnratory School 
Masters and ntloptert In *1016 tneludes nn iipitendlx on elementary science 
indning. no time Is allotetl fvr science teaching In the time table suggested for 
luetuitTi’tory $ch(H>la There are, in qur opiidon, sound educational reasons for 
IHtstponlng the beginning of the systematic study of chemistry au(V physics till 
tlie nge of 12^ or 13, apart from the fact that the schools In question have not 
the necessni;y staff or equipment to undertake work of this kind. But It Is 
limch to be regrtkted that, as an Introduction to more formal work in i^clence, 
there. sliould be no pi^llnUnary iusUuctipn In nature study, bmadlif: Interpiete^. 

130198’— 20 2 ' . " - 
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or In practicnl mejusurtMiiontfl... Furtljcr, it does not uppenr that the omisalon 
of smrh teaching is compensated for by Increase^l attention to handwork and 
drawing. There is no Uoul>t that in framing their curricula the preparatory 
schoolinustcra have hecn largely Innueuced by the requirements of the emnuK-e 
exaiiiiimtlonM and entruiice scholarship examinations at the public scluH)Ia. 
It is also clear, from the nnswers to the qu(\stionmiire circulated to the public 
schools, that while these exnmlmitlons (\ro deslpnetl to test the knowledge and 
nl)mty of boys in Kngiish subje(‘ts, Frenfh, hiUin. mathematics, and sometimes 
Greek, knowledge of such science as nd^tit propi^rly he taught to boys of pre- 
paratory school age Is either not t^f(Hl at all or tesU^I only In an Incld(*ntai 
iminner. Again, until tlinv years iigo, miluiv study was Included as an 
optional subject In the coimuon entrance exnmlnntiou /or public fwdmols, !mi 
we. were informed by one of the represontntlves of the Prejciratory Sclnuds 
Association that “few cQmjldatea took It, the reason being that the .'iuhjett 
wjLs not required as n condltltm for entrance Into pulilic sr-hools.’’ 

2Z It is most unfortunate that the curriouin of many preparaiory Hchmd.s 
slnmltl be so far determined by tiio (*xainlnatIon rofinlrements of tlie pnhlic 
schools as to lead to the pnilssion or comparative neglect of sulijecta wmcli arc 
approjirlatp elements in tab *Hiucation of hoy.s (»f prei»ur:itory school age. 
apart fvoxn the question of examinations, we are of opinion that all preparatory 
schools should make regular provision for the teaching t’le elenuMits of 
natural science with handicraft and drawing. By the elements of natural 
science we liore understand what Is known as nature study, I. e„ physiograpliy 
and an elementary study of unlnml and plant life, together with practieni 
exercises, ^ 

The eleimMits of natural science thus deOnwl .slamld, In our opinltm. In' a 
necej^ary siddcct in the entrance exautinuUons of puldlc schools. 

M^also recommend that steps slnaild he taktui in secure that this .^ubloct 
8h(»uld be Included ^n the (*ntraiico schblnrship examinations at public m IiooI.s^ 
HJul that failure in It slnmld have its mueh intluence as fallnn* in any otlK;r 
subjoin In disqualifying n candidate for eliNtion to n soholnrshlp. 'riicn* is. 
It l.s true, some <Hff(M'en<*e of opinion as to tlie ndvlsnhility of lini»oslng any 
test In science for hoys of 13 or 14, * * • Exix'rlence alone emi show' 
how the (lifncultlos of exmnining hoy.s of the age of 13 or M In wrlciicc, ;mI- 
mlMnlly greater thnn in -the case of classics or m:itl)einatics. enn Itest i.e ■ 
overcome, ' . 

If the necessary reforms are to he effivtod in preparatory school tlinc.tnhle.s 
and curricula. It will be clearly desirahlo to aec^ire the tnnximum amount of 
ciK>|)orHtion between the h^ad musters of the preparatory schools and of tin* 
public schools. Xhe ostahlishuient of th(*^>lnt conimlttee Is a step in the rlg^St 
d 1 recti oti. We recognise I^ particular the efforts which have boon maile to 
give more Importance to English subjects lu the entrnnci* scliolurshlp examlmi* 
th)na, and we think that, In the best interests of later science teaeblng, gn :it 
Ini|K)rtance should bo attached to scmml work in olcmeiitary mnthoniatlcs and 
physirnf iiioasuremeiitH and to familiarity wltli the use of ilwiinals and the 
tnetrle system, 

♦ ♦ • ^ 

In our view the examinations for entrance schohirships, If thev «re to con- 
tinue, should bo designed mainly to "test Intelligence and general ability. They 
should not be used primarily for the punxwe ^ picking out likely specialists 
In clasdtcB, mathematics, or any other subjects. Neither should they he of 
such a character .aa to demand tir favor specln!” Intensive preparation. The 
evils of presenf system would be mitigated by reforms In the ^cha'racter of 

. * w 




' Vvit: 




SECOKDARY, ELEMENTARY, AND TECHNICAL EDUCATION. • 19 

the oxnminntlons, In particular l).v a re<luctIon in the rahpe and dlfRoulty of 
the onestionH set and by the recognition of subjects at present largely or wholly 

Ipn 

* • • ■ • • • • 

B. Girls' Schools in England, 


--1. In considering the facilities for instruction In science which are avall- 
fiMo for girls of secondary syhool age,' It is necessary to refer in the tirst place 
tn the character and extent of the existing provision of siH.ondary scliools 
for girls. At present 333 girls’ schools and 2*24 mixed schools (with a s<‘hool 
Unpiilntlon of some 95,000 girls) are In receii>t of parliamentary grant. In 
mil I it ion, 4 mixed schools and 65 girls’ schools (of which 17 nre private schools, 
the nnnalnder hdng company or foundation scliools or schoois under .the con- 
trol of rellgitfus so(‘ieties) have been Inspected l)y the board of education and 
ilcclnrod “enicient.” Tlierc is alst> a large number of private schools which 
Imve not been tlispecto^I, and In regard to whlcli no (ifflclal Information Is 
nvallnble.* There can, ImlH'd, he little doubt that private schools ploy a 
mnch larger part In the edut aiional provision for girls than for boys. 

in tlie last 40 years the Ideals of women’s <MUicutIon have been raised and the 
(ipliortiinities vastly incrcasoil, but there still reinalns some uncertainty In the 
public mind. If not in the minds of those l>est qualified to speak for eilmmtinn, 
!is to the nnt'iire of the education to he provided for girls and the relative Im- 
|Hu1anct‘ of the various sul)jects. Somt* parents still confine their Ideas of (mIu- 
ciition to the literary subjects, together with music and art. 

Among the schools, whVtlier -grant earning, “efflclent,” or uninspected, widch 


pnn lde scc’ohdary education for girls, tin re are a certain nuinhor <>f well-known 
schools which an* more or less Oomparnhie to the large public schools for boys — 
selit)ols from which a proiM)rtIon of girls normally pass on to the universities 
and other places 6f higher etluculion. But the custom by which boys are .<5eni 
to prt'paratory and public schools for a course of education extending fnqn 
S or 0 to 18 or 19 Is not followetl to the sunie extent in the case of girls. A 
(crtaln number of girls of .secondary ,<»cIuh)I age belonging to the wenlthl!*r 
clashes of the community nreive their cMlucatlon largely or wholly at home; 
others spend a short period at a secondary day. or Imardlng school — often a 
private schotd — and later go abroad. A considenible proportion of those at- 
tending schools In which the bourse extends over a period up to the age of 1$ 
or 19 Imve not In tlu* past looked' forward to entering any profeasional occu- 
pation : Indeed, *few professions except that of teaching have been open to them, 
^'here Is la consequence proportionately less advanced work done In girls’ than» 
In hoys’ secondary schools of similar tjqie. 

It can, we think, hardly he questioned that while the majority of the parents 
of these girls desire or are at least prepate<I to acquiesce in a secondary «lu- 
cat^p for their sons In which science shall had a place, the recognition of 
PciWee ns an essential element In the .**eoondary e<lucat1on of girls Is fur less 
general. This applies with even greater force to muthernatlcs. We nre not 
suggesting that this Implied distinction between the educational requirements 
of Iwy's and girls In re.sp(*ct of science Is Justified, cither hy the evidence of. 
psychology or hy considerations based on the ct.mpetlng claims of other subjects 
In a crowded cuiTiciilum or by the nature of the after careers to which girls.-# 
may properly look ^rwai^d. We are only calling attention to the fact that,' 
e^^t)M^^ouHly or utu^mtclously. a distinction of this kind Is not Infrequently ma<1e> 

‘The name U true of a nooibct of teboqU unher the control of rettgtoiui.coin- • 
munttlea, , . f ; . ' . 
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When we turn to consider the actual posUlon of Bcleuce ln jrtrls!, .secondary 
KThoois, it iM^omes ne<*css«ry to iMdiit out that in regard to tlie great niajority 
of private sclioola wo are unable to yp<*ak with any certain knowledge, Tliese 
schools exist because they meet n certain public deinaml. They include scnu* 
s( Imols of high standing, and, In addition to the other good work they do, pro- 
vide nserul (opportunities for experiments in education, hut it can .Kn.nriy 
he doubted that they are more likely to bo Inlluenced by that tnulitlotml mn. 
(i’l»noii of glfl.s* M'condary odnciuion which hiys special stress on liiiiguiuzes 
Iltt.’ihtiite, and art, and arc less likely to l)c mlequately c(iiiipped fur ihi' tcnriiing 
-f science tlian schools which are in receipt of pnhiic InndH. We were not. indeed 
Kurprlsetl. to Varn from the representatives of the Association of Scb^jnc 
Teachers’ that In a large number of private schools science was nltogt^her 
(onitted from the curriculum, 

'Jo. In the lmp(M-tant group of secondary scluuds In receipt of grant it is 
noticeubio that the reguiatitats of the l,oard of edaeVtion miuiro tliat provivi..,, 
Shouhl be made for the teacying of science, including practical, work, hat iillmv 
gills who htt'e readied the age of 15 to omit science or matht>iuntlcs (tnhcT- 
than arUhni(.'tic)hi order to take appt'ovcd course in douu'stic srdjjt'ets. 
From the evidciUM' Itefore us. it appears tliat in inspected girls* schools the time 
given to science hetwiH?n 12 and IG Is not mort? on an iiverage tlian 2 hours jht 
week, r^resenting onc-tcnth or lessor the whide time spent in sHukH. Kx.cpt 
in tile tornis pn^>aring for an exumlnution, -sm li as" the senior hK'nl, it is (|uite 
cniiitnonly 1^. hours per week. That a nmdi smaller amount of time Is given tn 
sci(Mict; in girls’ schools than in hoys* schools rt^diie to various cutises, (i) The 
shorter scliool w(‘ck. tin* increust'd pressure on tliue-tulde, caused lt\ the 
Inclusion or domestic subjms, and the groat(‘r amiitlou given to music mid 
drawing; (ii) ihe lack in some schools of adequate laboraiory nccomnnaiatioii ; 
(Mi) a .sjioriage of toacluMS (lualilled to teacli s('ieiic(\ * • ♦ 

In the inemovnmlum of evidence siihmitte<l hy fhe Association of Science 
Teu(hei*s IMs suggested tint hetweiai tin* ages of 12 and 10 not le.ss tliaii one* 
R4‘veMth of the totai school tlim^ — say three hours— should be devoted to scictinv 
We tliiiik this is desirable If .serious nltenthm is to be given to science Instni.- 
tion in girls’ solioois. BiH it Is iiece.ssacj to add that tlu* ivprosentativ« of 
the Association of Ih*nd Mistresses, who wen* no less nnxlons (Iiat science 
Bliould hi* ngnnhMl as an essential element in tlu* socnndnvy currlcuitmi Jot- 
girls, thought “ it W'tiuld he dlllU-tiit to tind tht* time for otlicr sul>J(H.*ts If tliii'c 
hours a wet»k were allot t(Ml to seicii«* as propo.sed l>.v the Association of Sciemv 
Teachers.” I’ndcr tin* clrcuuistances it Is .liHicuIt to make n rccommendjiticii 
which can he carried out in ail types of schooKs. ♦ ♦ * 

26. There can Ih» no doubt tlmt the probleiirof tlie cniTlculum Is more dim 
cult .In girls’ schotils than in hoys’ schools. Kxlsting girls' schools have for 
the most part grown up during a perioil which has sihmi a great Increase in 
the number and variety of, the callings foliowetl by women. Det^dte the in- 
creasing prominence of tbes^ vocational' aims, it is still true thiu t^e curri.'u- 
luni remains something of a (‘tinfpfoinise. |ietwt*cn contllcting Ideals for womens ’ 
(Hincatlon. It Is not within our rcfercMtce to deal wifi} the larger questions in- 
volvisl., but we feel bound to expres^s our opinion that flicre is real muni at the 
present time, both for a clearer detlnltlon on the part of those princIpaMy enu- 
c( rued of fhe scoi>e and aims of secondary education for girls and for a fi!/uikcr 
re<-ognIHon of the limitations Imposed by tlie sliorter scluad week. We'lnivc' 
fnctHi t ^ese limitations by acquiescing In a smaller minimum of time for seWnce 

*•» »» aMocUUon wumca Uttchera, ipalaJy hi wcoattery ncboola! . \* ' 
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women .who loot forward to entering the medical profeaaion. ♦hlnk theae 
consideratioFns deBenre serious aotlce. ' 

•••*•** 

50. The general conditions of science teaching In girls’ schools are lea^ 
, favorable thanju similar schools for boys; and it would api>ear that, despite 

tho 4 )rogreBs made In recent years, the r^ults are' less satisfactory. We feel. 
Indeed, that there fa need for a fuller realization than h«« so far existed of tiie 
Inrpr>rrance of science In the secondary education of girls. Every young mind, 
* whether of boy or girl, should be led to appreciate the wide field of Interest 
opened out by the study of natural science and should be trainetl to uuderstnnd 
and apply the metlmds of scIenUflc reasoning and Investigation. MorooviT, 
without wishing to press too far the claims of vocational instruction, we would 
point out that, Id connection with a la^e number of the after careers follow.wi 
by women, a knowledge of natural science and a training In scientific uioiiuni 
is much to be desired. We are thinking not only of those girls who are destined 
to tinderteke science teaching or to enter the medical profession and clos<'ly 
allied careers; there will beNmany others who will take up industrial research, 
different types' of social work^actory insi>ectIon, welfare work, sanitary Iusikh:- 
tion, health visltlDg, etc.; others again will be mainly concerned with domestic 
duties. For all a training In science Is Invaluable, 

OEITEKAL EDUCATION IN^ A SECONDARY SCHOOL. 

51. We consider that the best preparation for any occupation or profession 
Is a general education up to the stage reached* by the average boy at the age of 
16, followed, where possible, by a more specialized course on a limited range of 
subjects. This gemeral education should provide normally^for the study of 

.^^gllah. Including history and geography, languages other than English, mathe* 
natural science; each of these subjects should be regartled as an 
lntegr«r|%rt-of the education of both boys and girls, and a fair balance should 
1>»> maintained letween the time allotted to them. We are supported In this 
view by the unanimous testimony of all the witnesses who have given evldwu'e 
f on this point. 

It is contended by some that a genera! education need iwt include all these 
‘ sulijeers: there Is, however, no consensus of opinion In favor of the oml.sslon of 
. any bhe of them. We have ourselves suggested that there might well be some 
sehm)!s doing work of a w\-ondary gnuh* In which no foreign language would l>o 
compuIst>ry. (See secs. 12 (viH) and 06.) 

The point is soDietlinw made that the study of science ban he more.efft'clivcly 
puraiuHi If It fs taken up In the later stages of school life. This may !m* true 
for. the boy of marked ability wlin nt a certain stage throws hla whole energle.s 
Into the Intensive study of science. But we arc concerned with the edut*nfion 
of the citizen, with the diffusion of scientific conceptions and the habit of mliul 
their study induces among the general mass of the educated poj;m!atIoa. If the 
practice were adopted of making no provision for the study of sclwice till IG or 
later, the majority of students would miss the opportunity of gaining any 
knowleiige of the subject. * * % 

We suggest that for boys’ schools when the secondary setthor course covers a 
ivrlod offouf yeart; from 12 to 16, the time given to science shouM he not less 
^han four periods In the first year, nor on the average less than six penloils In 
"erieh of the following thrw years. When the course tu^ns at a later age not 
Ims thoti'slx periods ; th ^ch year will be required.' ft may be con^^nlent at 
mixie give miora' tJ^n six- p^ at othert.less. but we edhihfor tjint 

than an mViiage of six periods at later stages will pmlcte for 

'Vv - ' " ‘ ■ 
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0 satisfactory training in nataral aclence. It Is not within our reference to 

the minlmuiu time to be given to other subject* but we have satisfied oar- 
selves that the time we have suggested for science Is compatible with English 
and nmtheniatics^reoeivlng^aB much time as th^ have hitherto done to the 
greiit majority of s< lioois In this country, that It would admit of attalnnient by 
tiie age of 16 of a subsiniitlnl knowledge of two foreign languages if the study 
of one of them is begun at an early age, and that studejits with special linguistic 
nMilty should be able to make good progress In a tftird. In mhlltlon, we think 
that time would be available for the study of such subjects as drawing and 
music aft^ for manual training. 

32. A practical and technical cdii'^uence of the establishment of a general 
Course for all boys up to the age of atxnit 16 would be the abolition of the exist- 
Im: division into sides now so usual In the larger schooU. This would Involve 
lift' provision In the main bUx?k of the s<’hool of a system of options or alterna- 
tions. The last thing we would suggest Is that there should be for alT boys, even 
ill ihc .<»me st^hool and during the stage ending at 16. one cnst-Iron-cnrriculuin. 

As long as the division Into s!des.;per«Isfs. not only Is a bias Inevitably given to 
a boy’s^ucatlon, Involving sometimes the sacrifice of his abilities and tastes. , 
but it is very diffVcuIt to prevent *J:he Intellectuai strength of the school being 
concentrated on one slda. « 



INSPECTION OF SCHOOLS. 

33. We r^mmend that nystonmtlc Instruct i()n In science should be part of 
tlie geueral course of education up 1o 10 in every secondary school, and that 
science should be Inciudeti among the compulsory subjects for the first school 
examination. .We do riot, however,' think that examination by Itself will l>e 
ahle to secure the efficient teaching of science In schools, and we are strongly • 
of opinion that it. would he in the inten^Sts of etUu-atlon In gtmeral and of 
sedence in particular that all schools should he inspected, 

♦ •. • * 


I’rtfvlslou Is made in the education bill for “requiring partlcuiars from every • 
school or educational Institution,” but we. think that this collection of Informa- 
tion Is not sufficient jp^nnhle an effective Judgment to be formed as to the 
nature of the educalKT offered by the m'hool. The information suptdled by 
the school must be checked and Its value detennlned by Independent lDSt>ectlon. 

• • ^ ♦ ♦ • • 


The ta^ Is not Inaiipernhie, and inuoh of the work, of Inspection la alrfady 
done. • • • The amount of science taught at tlu^e schools may require 

,to l>€ Increased or Its Quality improved, but It if* not here that entire absence of 
such teaching will be found. The grnnt-enrnlng schm»ls are all fully iuspecbnl 
hy the Board of Kducatlon, and the fullest information concerning <hem is 
uhtalniible. There are, ipvwever,. many schools for boys, and even more for 
girls, which are under no obligation whatever to provide any liistructlon In 
science. Many of thes^ hq a matter of fact, either do not teach the subject at 
all or teach It In a most Incomplete and unsatisfactory inanner. In the national ' 
Iptereat It Is^essontlnl that this tieglect i^ould ho remedied, and to this end we 
strongly urge the Introduction of compulsory lnsi>ectlon. We consider that this 
slitMiid be applied impartially and that no dlHd<|^lnatlou should be made In 
favor of any one class of schools. 

been nrged on behalf of private schools that much valuable progress 
In (*du&tlbn Is dtie to experiments made in schools where the teachers have 
, beeh frw io’ dlstegcard tradUlon and convention and to follow .the promptings 
m^Of thelr own genio^^^ But it is hot ischoolg of this ^pe which would be ^edkad- 
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or extlnKutehed by inspection. The object of raod^ inspection is not to lni. 
pose onlformity or to destroy Individual effort, but rather to obtain and feroid 
information as to the work and efflcleno* of the schools and to give a.d\ u^e, 
, based on a wide experlenca In other schools. ‘ ^ ‘ * 

We rejcommend— 

(I) That periodical Inspection should be compulsory on all schools. 

(II) That this Inspection should be under the direction of*the»Stato. 

* • • • • « . « 



THE riEST SCHOOL EXAMINATION. 
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34. At the completion of the general course of study at a secondary sclmni 
there should be an examination to test the results of the Instruction given in 
Kiigllsh subjects, languages, maUiematics, and science. 'The4)ns8lng of an 
amination in some the subjects of general education is required as^ condi* 
tlou of admission to most of the professions ami to the unlverslt^s. At 
present the number of such examinations |s large; the differences beiwnMii 
them are not of educattpnal importance, though enough to cause a great 

of . time and energy. A system , of examlnatloM/suflliigntly elastic to imvt 
diverse requirements atid at the same time so-«fSr coordinated that proHclc?ny 
In secondary school subjects could be tested by any one of Uiora would hrim? 
al>out a real and valuable eimpllflcation for the schools, provIdi*d that tlie 
vaults were accepted so far as they went by the universities and profe^ion>* 
We are of opinion that, subject to one Important modification, the first scIh.hI 
examination proposed by the Board of EdVication is well suited fo» tliN 
purpose. 

35. In tho sclieiiie ontlliwl liy th« board the mibjocts for examlimtion :m. 
ti-euted as falling Into thn'o main groups: (I) English subji-cls, (II) imi 
guages, (III) science nnd ■ nmtheniatlos, and (IV) n subsidiary -group o.n- 
tninlng druwlng, iiiuslc, iiinmiHl instruclloii. housecraft, etc. Every camlidiuc 
will be ex|)ected to show a reiisnimble amount of attainment In tho first tlmv 
of these groups— the group of subjec(.s, ,md not the Indlvldnnl subject, b. lnc 
the unit Jn respect of which suocc.ss or failure will be determined. It will |5 
seen that natural- science and mathcnmtics are placerl together in the sniii.- 
group, and It would appear us the proiosals now stand that a candidate niigld 
pass In this group, even If be did not present himself In sciemv nt nil. 

We omslder thnt It Is essrwlul that every boy should be required to .satisr.v 
, the examiners both In scleiuo nml In mathematics, sn^^wt to the generous up 
pIlbatlQh of the principle of compensation herelnafter^enlloned. In mnm 
bo.vs’ schools the teaching of maUiciiintlcs throughout the school Is imieh m.iiv 
dev«oped than that of scleiicc, and there will, if science 1s not requlre«l. he 
a tendency to concentrate on mathematics and to neglect the teaching of 
Menw. If teachers and boys know that while It 1s nwessary to puss In Eng 
llsh aubjects and In a foreign Innguago the omlsslofi of cither matlft'inath”. 
of science does not Involve failure In the examination, It Is quite safe to pre- 
dict that one or other of these subjeias wlU rw-dve less attention :«iul th.- 
stibjert which is the more costly to equip, pnd In some ways the more dlfflculi- 
tt) teach, Is likely to be the one which’ will suffer, 

•,86. To make any subject compulsory hi an ‘exatnlnntlon In order to guard 
. (i^tnst Its. negl^ ta not the Ideal metbml . of obtaining the best education, 
pfM^t wnditlon of affairs It seems to he the^most eflScacious means 
' rl. ^ . * * ' . T?** thrpreseiit freedom , U indicated by the 

f^Itiwln* and 
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Cnnibridge board InrJuly, 1917» which Is taken mainly by the public schools, 
out of ,699 boys only 226 offerod one or more science subjects. 

• Tt Is propo.sed In some quarters that **ln Inspected schools boys should be. 
rerrifled by the science master as havinK taken a proi>er course and reached a 
satisfactory standard In science.” But we have had no satisfactory reason 
presented to ns for the treatment of science In a different way from all otlu»r 
srbool subjects In respect to examinations, and even If subh ground were 
Isbnwn we should find It impossible to recommend the adoption ,of this plan. 
The iuequalities of experience nmoinr teachers would render It almost impos- 
sible to attain any common standard of judgment. 

♦ *' ' • • ^ * • « 

The examination should he rcgarde<l as a test of siitlsfactory work during 
'the pupils* scliool course and sbouUl be of such a character that It can (>e 
token without any speclul preparation which would Interfere with that cour«»e. 
The w(»rk of each candidate In the examination should be regurdt^d us a whole, 
jmd the principle of compensation sliould be re<‘ognIzed both between the dlf- 
ftjrent groups, Including group (IV) and the different subjects of the stiine 
group. By this we mean timt couiparntlve weTikness In one part of the exam- 
inatlod should not necessarily Involve failure. If the candidate has done rearty 
gO(Hl work In other parts. 

37. We recommend that *ln the’viirst examlhatlon there, should be as^close 
coo(>eration as pos.sIble betwt'cn tcftchcrs and examiners. Not only should ^le 
examination be adapted tp the currictilum of the particular schoob but great 
w'eight sliould b<» attached to the tencher’s estimate of the merits of the 
pujiilf^aiul to' their sc hool reoird. An examination conductetl on these line.s 
would not have the effect often ascribed to external examinations of cramping 
the curriculum, but would i>ermit of all rea.soimble fr*‘tdom of teaching. Nor 
could It be fairly said to discourage either wide variation In types of cyrrlciila 
or liberty for e<Iucntioiml experiments, ' • ^ ^ 

There Is much difference of opinion on the question whether any modi- 
fication of the arrangements Is ueedort for’' girls. On the one hand represeida- 
tives of the Head Mistresses* As.'wclatlon stated that Uie association was 
opiKised to making* mathematics n compulsory subject In the examination, but 
felt less difficulty about t'onipulsory science. On the other hand, representativt's 
of the Aswocintlon of Science Tcnchei*» thought 'that all girls should be re- 
quiiiHl, for a mere fiass in the^examlnutlon, to satisfy the exHminei*8 In srience 
MU (I arithmetic, and that for u pass with orwlit In nmtheroatlcs a knowledge 
of algiiiru and ^(Hiiiietry should be required. If miccess In the exnnilnutloa 
is tcrcarry Uie same privileges for boys ^nd for girls. It Is difficult to see that 
variation of Its esseiuial features fe fH)sslble. We are* therefore of opinion 
fhat the minhunm requiremohts for poaslng the first examination should 
tile same for girls ns for b^ys. If tt la unretl that the largest amount of time 
wlilcb our witnesses have demnndc<1 for science In girls* .schools (see sec. 25) 
N not more ^lan what Is now. regnnled as Inadequate for boys’ schools, we 
would point out that many girls will tnke Uie examination at a somewhat Inter^ 
ape than boys and that the wla? HppUoatlon of the principle of compensation 
Hliould meet any renmlnlnp difficulty, especially If sufficient attenUon la paid to 
proficiency In. the subjects of group (IV); 

30. concur with the proposal of the Board of Bducatlon that a oertfflente 
should be given to tlioseosho pans this examination, and that on the certlflcnte 
only .those subjects should be yecorded in which the student has .Machetl a 
nTOKblaed standard considerably higher than that f^nlr^ for. a mere paste 
;Tho tentt! propose ipM ^rtitlcat^. faring ttie nar^' of 

'V*'* '■’.r . ’ ‘.J 
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particulars as to the course pursued at It should be given only to candidates 
who have followed an approved course at a school Inspected by tho board and 
recognized as *' efficient, *’ and that other candidates shoyld receive « certificate . 
stating only that they had passed the examination. This latter proposal seems 
to us to require consideration In relation to two classes of candidates, those 
who have attended secondary schools 'Which have not been Inspected by the 
-Board of Education, and those who have not attended secondary schools at ull. 

* * * • ' • • * 

40. The proposnls of the ^ard of education are based on the View, with 
which we nre In acWrd, that examinations should be determined by currlculit, 
not curricula examinations. It Is difficult to decide how far an examina- 
tion designed to Bijlt'’the curticula of existing ‘secomlary schools and Intended 
for pupils of .about .the age of 16 who have followed an approved course in 
those schools would be suitable fbr othej^ pupils. . There are already pup! Is 
who have followed approved courses In schooln^not no>y technically descrih#Ml 
ns secondary schools, hut who might quite properly take n similar examlna 
tion. The abolition In the uear^future of nil exemptions from elementary 
school attendance until the age of ^14 Is reached, uud the establishment of ( om- 
pulsory part-time continuation schools^iip to 18 would provide u class of pupils 
who, though they have not attended secondary schools, hnvc had n continuous 
course of Instruct Ion In approved schools. An examination analogous to tlic 
first school examination, and carrying tho same privileges, might with ad- 
vantage be established for this class — an examination whlfh would be open, for 
example, to pupils who had attended central schools and junior technical 
schools. 

CONTENT OF THE SCIENCE COURSE, 12 TO 16. 

41. The questtoD of the choice of the s<'ience subjects to be‘ Included In a 
Bcliool course and of the method of teaching these subjects Is so Important 
that somewhat detailed consideration of the problem is necessary. 

We have recommended elsewhere that science should form part of the sohool 
course for all boys and girls up to the age of 16, and .that more time should 
be given to it than is at present usual. But these recomuiendatlons must ma 
be taken to raeaiS'^t^t^^we should like to see a great exteuslon of scleiict* * 
teaching exactly on the iTnes now custoiimry. We coralder that the conven- 
tional curriculum Is in grent nee<I of reform, in respect of two lmi>ortnnt 
points: (fl) The choice of subjects to be Included and (6) the manner of 

treating them. 

42. (a) At presei.t the curriculum up lo the age of 16 In a large number 
of boys* schools ct>n»lsts of nature stmly in the lowest forms, followed by n 
laboratory course in at least one branch of physics and In chemistry: In 
very few boys* schools Is there any attempt to give a knowledge of the mnln 
facta of the life of plants gne) animals. Physios and chemistry must, we 
think, continue to be the fundaroental subjects In the school curriculum, l>e- 
cause every other science requires some knowledge of them, aud also because 

‘ no other lienee lends Itself so well to a study of experimental method under 
the , limitations of time which are inevitable In school work; but no hoy 
should leave school with the Idea that science consists *of chemistry and 
l^alcs alone.f ^ ^ 

; , It i^ agreed on almost alt haofb that th^ customary course, which is a 
growth of i the laat 20 years, become too narrow,. not only because physic's 
iiKi^.ch^stiy hire , the i^ it, but because the choice of 

i^rther, 4t la oat; 
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of touch with the many applications of sdeoce. The principles nre often taught 
withoutT reference to the phenomena o^ nature which they explain ; the course 
does not satisfy the natural oiriosity of the pupils; it may give them some 
knowledge of laboratory raethocla, but little idea of wider *gonemlizntioMS, 
such as the principle of the conservation of energy, whlcli are quite within 
their powers of comprehension^ Again, In many schools the course is planned 
as if its ^e object were to lay the foundations for sped a U zed study In science 
lit a later period. Rut If nothing is built on these foundations the time may 
liave been spent to little purpose; many boys will give up the study of science 
when they know hut little of the sdentiliC principles which underlie the moat * 
faislliar nulurul.ptu*noinen'u, or of the most Important uppItcuUons of science 
to the service of man. Their i>o8ition Is analogous to that of a student of a 
Innguago who stops after learning some of the grammar without acquiring any 
knowledge of the literuture. 

43. (b) For the last 20 years the atfentlon paid to laboratory work has been 
im outstanding feature of the science teaoliing in English schools, and results 
of grout value have arisen from It. W^need not go back many years to reach 
a time when there was little practlcHi^ork In sc!i<m)1s: anti any science that 
was done, apart fmni chemistry, was taught by class lessons,^ or by lectures 
with occasional demonstrations of experiments by the teacher. The practical 
work In chemistry consisted of exercises in qualitative analysis; It (lad little 
l»earing on the rest of the work^and could be learned, up to a certain point, 
hy routine methods. 

Hut 111 the last 20 years circumstances have altered; laboratories have mul- 
Hplied, nnd it hns become the practice to make the laboratory worlr the central 
feature In school science. This change of point of view hns had both good 
and bad results. On the one band It has brought home to many boys and girls 
the fundamental notion of an experimental science, that the answers to que»- 
tUms on Its subject matter can be got directly by experiments which they can 
(1. themselves; they have seen bow a series of experiments leads up to a 
result, bow the result of one experiment suggests thnt another Is needed; they 
hnve, in fact, learned something of the experimental method of the sciences. 
Such teaching and experience is of the greatest value, and any change which 
wniild diminish Its cfTecttvencBR would be a step In the wrong direction. 

Rut on the other Imnd there have been unfortunate consequences; many 
te:iH»ers have bocotne so domlnat^HJ by the Idea of the supreme value of experi- 
mental work that they have left on one side and neglected those sciences which 
do not lend themselves to experimental treatment in school; the tendency has 
been to restrict the work to parts of physics and chemistry in which the boys 
can do experiments for themselves. We are driven to the coacluslons that In 
many schools more ttaie is spent In laboratory work than fce results obtained' 
can justify. We do not underrate the Importance of such work; on the cou- 
tniry, we regard It as an essentlal-^psrt of science teaching. But Bometlmea. 
the perforruance of laboratory,, exercises has been considered too much an end 
In ltself**-such an exercise loses the educational value of a tear experiment 
when it becomes a piece of drill ; often exercises succeed each other without 
forming part of a continuous or considered scheme for building up a boy*s 
knowledge of his subject. Sometimes a very imperfect experiment Is done by 
111 ) the pupils, when the point which it brings out could be bq^ter illustrated' 
hy an experiment performed by the teacher, on a scale nnd In a 'manner which 
would not be possible for the whole form. Insistence on the view that experi- 
ments by, the claqp moist always be preferred to demonstration experiments 
leads .to great waste time and provide an Inferior,, sabstltute. .The time. 
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ffr^ed by some (Itmlnution tn the nmnber of eKperimoiits done, and especially 
by avoidance of unnet^sary repetition of e3cperlments of the same t>*pe, cooltl 
be TAell use<I In establishing the pupils’ minds a more real connection be- 
tween their experiments iimi the general principles of the science or the re- 
r lated facts of everyday life. 

Much' of this waste of time is due to a conscientious desire of the teaciterH 
to encourage the spirit of inquiry by followini^ the so-calhMl heuristic metliod ; 
the phiptls are supposed to discover by their own experiments, with tittle '»r 
no suggestion from the teacher, the solutions of problems set to them or of 
problems which they titemselves suggest. The spirit of inquiry should run 
through the whole of' the science work, and everything should be done to on- 
(.‘ourage It, tmt it seems clenr that the lienrlstic metliod can never he the main 
^ , inethcKl by which the pupil acquires sclentlflo training and knowliMlge. He can 

not e\*i>eot to redlscnver In hla sclnad hours all 4hat he may fairly be expeoUMl 
to know; to insist" that he sliould try to do this is to waste his tiim* and his 
opportunities. . y 

4-1. Some of the defects of s<dav>l c<uirses are ascribed to the influence of 
external examiuatinns in limiting the fnHHiom of the teacher to choose his 
imiteriiil ami to treat it in the way suitable to local couditions or the sia'cial 
needs of hLs form. In nil examiimtions. especially If they are competitive, 
there is a trnd(*ncy to set questions of such a character that there wtinld he 
iio serious ditTerence lietween the marking of . different examiners. In an ex* 
aniiiiMtiun in elei)M*ntary scieitvc the questions on general principles are ad- 
mlttwily more dlflicnlt to mark than those which are of the nntme of llith* 
sums, such, for exVmple, hs to calculate the change In teraperatui'e wlien a 
ph*ce of hut metal \s dropped into a vessel of water The re.suit of this is 
that the questions tend to concentrate on n limite<l range of subjects, which are 
not of the highest educational value, and In which the majority of students tind 
but little to Interest them. 

Hut examinations can not be blamed for all the faults which have heen 
pointed out to us; It seems certaJa that n great part df the dimcul(>^ aristas 
from the fact that the teachers, from lack of training and of knowietige of liie 
. .metliodS of other teachers, tend, to go on leaching as they were taught them- 
selves, and thus the wflrk becomes stereotyped. 

^-4 45. Much stress has been laid In the evidence before us on the need for 

correlation of school teaching In mutlienmtlcs and natural science. Tlierc is 
evidently a strong feeling, both among whool tenchors and among those wlio 
7 products of tile secondary schools at the universities 

^ - ' and In the Indiistries, that both subjects would gain If they were taught with 
— .more reference to each other, and, sT far as |>osslble, by the same teachers. 
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present It is easier to get a science master who is able to teach elementary 
r. mathematics than a mathematical master with n corres|K)uding knowledge of 
wdence; but few schools can spare a science master for any'part of the mathe- 
matical work. The need for cooperation Is not felt only on the side of the 
natural sciences; the committee of the niatbenintirnl association expresses tlte 
V vi^ that effective correlation between the two subjecto Is rare and Is not 
increasing, that an Ideal arrangement would assign the teaching of mathe- 
luutlcs and of physics largely to the same masters, and that the education 
ofteaohers of matheuiatics should be conducted with this end In view. 

We agree that; there are very great advantages tn putting the teaching of 
mathemaUcs and physics to boys up to the^age of 16 into the hands of the 
^ ^ ■ la ster. It would, we consider, improve the teaching in both subjects 
to the .inathematics and preciidoa to the thyslca; U wdtild also 
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increase the time the boy spent with this master, whose Influence and oppor- 
tunities would be considerably enhanced. 

Any want of coordination between science and mathematics b. a partltMi- 
iHriy unfortunate effect on the teaching of mechanics. This subjeci >s rightly 
rcjnirded as of the greatest Importance. It Is the basis of mpst parts of 
piiysics, and most schools make some provision for teaching It, el the * as n 
linimh of mathematics or as an experlmentai subject, or from both pol. ts of 
\ic\v ; hut the evidence we have received Indicates that in a considerable num- 
I.Hi of schools the results obtained are far from satisfactory. Tiiis Is much 
u> be regretted, for the subject Is especially sultablb for training the student 
(n use his mathematics and to appiy It to the problems which he may have 
t-i fiico. The power of doing this Is a very valuable asset for those who will 
iH'rome engiueers or be oocuplerl with other applications of science to Industry, 
while, apart from this aspect; It affords a mental training of the highest tin- 
ptrrance and gives to many an Interest. In mathematics and a grip of Its prin- 
ciples which without it they would never acquire. 

♦ ♦ . ♦ * 0 0 0 

17. A general course In science 8houl<l niinil two functions: (o) It should 
train the mind of the student to reason about things which ho has ol>8ervt>d 
for himself and develop his powers uf weighing and Inten>reting evidence; 
(i)i it should also make him acquainted with the broad outlines of great sol- 
emific principles, with the way In ^whlch these principles are exemplifle<l In 
fjimillar phenomena gnd with their applications to the service of man. 'Hie 
evidence we have received .diows that there Ls a tendency to overemphasize tlie 
lirsr of tliese functions and ,to neglect unduly the second. We thlnk^t esst>n- 
lial that the Importance of both ol>jeots should be re(*<»gnlzed, and that the 
choice of the siihj^vts to bo Rfudle<l ami of the metb<td of instruction adoiued 
should he made with both objects In view. The training fur the first of these 
functions imtst be given by practical work In the laboratory. The second i*an 
ts'st l>e carried out by demonstration lessons from the teacher, together with 
practical work in the IalM>ratory pi aimed to illustrate the principles dUcus.'icd 
111 the le<*ture: laboratory work alone Is not suffulent. We are of opinion 
that this plan would not Imjtnlr the efficiency of the science teaching as a 
training In reasoning and observation. The age of the pupils and the time at 
their disposal make It Impossible to include more than a limited range of sub- 
jects In tlie course, but the need for careful arrangement to avoid waste of 
time only becomes the greater on this account 


The very last thing w'e should wish is to lay down a hard and fast ride 


which would stereotype sclemv teaching throughout the (^mntry. We think It 
essential that the teacher should be uliowed as much fnsHlom ^ possible In 
hl.s choice of method, jmd that he will pndmhly get the l>ost resultsifrlth the one 
which he himself ptofer.s. He should, however, reall/.e Umt the power of set- 
tling for himself the particular course he adopts carries with It greater respon- 
sihllity for seeing that It Is the best which ran be devised under the circum- 


stances of the school. 

^ 48. In framing a course In science for boys up to tlie age of 10 It should be 
rec<»gnized that for many this will be the main, for some the only, opportuwity 
of obtaining a knowle<lge of science, and that the course should there foi:e he 
self-contained and designed so as to give sii^Ial attention to those natural 
phenomena which ore matters of everyday exiwrlence; In fine, that the sdeiice 
taught In It shonld be kept as closely connected human Interes^ts as |»o^ 
slide. We keen' interest which many boys feel at t^. age In the appUcatlVine 
of ‘Sdence, ,sdch as keh>plahes, steam engines, wlrel^^legraphy, motor ;cni^ 
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and the like. abouW be utilized to the fullest extent. There are preat udvau- 
tapes In Introducing the study of the principles of science by starting from n 
mil chine or a striking physical phenomenon and working backwards to the prin- 
ciple. rather than by starting from the abstract and proceeding to the con- 
crete; such a method Is in no way Inconsistent with a logical and continuous 
development of the subject. The advantage of Uie method Is that the Impetus 
due to a boy's interest In the subject helps to carry him through the les.'ions. 
while In the ordinary method Interest may be aroused only after the lessuus 
are nearly completed. This nietho<l Is In many respeols analogous to that wiiidi 
has been Introduced in the teaching of mathematics, where the old plan of 
beginning with a series of axioms and definitions and then deducing tlie proper- 
ties of triangles and circles has been superst*ded by a course whl^ begins by 
making the boys familiar with the properties of . these figures, leaving tin* 
logical deductions from the axioms and definitions to a later stage. 

49. (I) Preliminary Course. There Is general agreement among science 
teachers that the l>est preparation for the study of scfence at sect>ndury sch<M>is 
Is n comwe of nature study up to the age of 12. Tills course should be of hs 
practical a character as possible and should aim at arousing an Intere.st iii 
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natural phenomena and developing the powers of observation. Full use should 
be made of the opportunities afforded by the school garden to make the juipils 
mviualnted with the spirit of scientific Investigation. We attach great Impor 
tance at this stage to manual training, both for the sake of the discipline It 
supplies for hand and eye and as making an excellent Introduction to laboratory 
work. - We think that advantage should be taken of the opportunitle.s which 
natare study and manual training afford for practice In free-hand drawing 
and drawing to scale. From tlie evidence we have received we have come to 
the conclusion that at present the teaching of pptnre study Is far from satis- 
factory and demands Immediate attention. In some schools It Is quite jol- 
mlrable; In many; however, It Is worthless am] Is frt»qucntly given by those 
who take but little Interest In this subject. 

We have been Informed that the teaching of elementary physics nud choniisny 
In the public schools Is often hampered by the fact that the boys are Hi- 
prepared In arithmetic and want practice In mental arithmetic; that they lack 
facility In making calculations, have an uncertain knowledge of decimals and 
Vof the metric sjst^ero, and hove no clear understyndlng of the meaning of meas- 
urement The right remedy lies In a more Intelligent treatment of arlthmeiic 
• and Jiandwork In. the preparatory schools. Advantage should be taken of the 
opt>ortunltles afforded by lessons on arithmetic, geometry, geography, and hand- 
work to introduce the Idea of measurement, to give practice In the use of 8imi>!e 
measuring Instruments— a valuable exercise In manlpulatlbi^nntl. lastly, lo 
develop both readiness In the making of calculations ami an impreclutlon of 
the degree of ^accuracy to which results may be stated. 

^he next stage of InstrucUon in science Is one which presents 
dal JfffleuUles arising from the two systems of school ofganl 74 ttlon to which 
we have referred In sections 10 and 13. We have to distinguish and to treat 
separately— / 

(<i) The system which transfers a hoy from a preparatory to a public acho<d 
at 13i or 14 without any continuity of curriculum In natural science. 
>^(6) The system which provides a continuous couise of Instruction In one 
' , school from 12 to 16 or longer. ^ 

. (o) The Interruption of a l»y’s education- which Is brought almiit by his trans- 
ference from a preparatory to a public school Is spedally detrimental to science 
work.cbjj^use (1) . most of the public schijols pay uo serlojis attention to u 
knfhyie^ otscl^e^ fleeting Wtheif for entnm^ ^ 
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and ther^y diecoura^ any teaching of the subject ; -(11) many of the boys 
who come from preparatory schools, though they knew no science, are placed 
at entrance high up in school because of their knowledge of other subjects. If 
science were taken In the lower forms, either these boys would have to omit 
ithe elementary stages of a systematic course or boys who begin In a lower 

form would have to take the.se stages over again. On this account It Is con- 

sldcred Impossible in some public schools to begin systematic work in science 
in the lower forms, with the resuit that there is not enough time left for a 

satisfactory course liefore the age of about 16^. • ♦ ♦ 

The stage Immediately after the age of 12 nii^t begin with a course on the 
simpler parts of that branch of knowledge which Huxley called physiography. 
One of the advantages of this subject is that It gives opportunities for out -of- 
df>or observation, to which we attach great linportiincc, not only at this stage 
hilt thrmigljout the scliool course. It unfortunate If pupils are left witii tiie 
lnipieRsi»n that physical principles operate only a physical laboratory; It 
should be the object of the teacher to train the pupil to see lUustrutlons of these 
)iriiitiples In the exi>eriencos of everyday life. The c*ourso in physlugruphy 
slioiilcl Include tlie simpler a.stroiminlcal phenomena, which in the hands of a 
'good teacher may he made an exodlent training In reasoning and observation, 
.\i Ibis early stage there should be practical work involving measurements of 
siinr»Ie physical nuantttlos, wdiUe ^ valuable Introduction to some Iraportaot 
bniiu lies of physics can be given if the manual training Includes tlie making of 
.<niiic slmfile, practical Instruments und machines, such as electric bells, small 
induction coils, telescoi)e8, pumps, and so on. This plan has l>eeD tried at some 
ni the leniral schools and hn.s given very satisfactory results. 

The Introduction of practical work Into the curriculum \^dens the oppor- 
tunities of discovering ability w’hlch might otlierwise be overlooked. One wit- 
ness writes : “ Often, very often, the dunce of the form W’hen put on *to practical 
unrk iMH'oines brilliant.’* It !s the function of any system of eilncution to' dls* 
co\ er ability ns well as to develop !t, and under a system In which the curricu- 
lum is entirely bookish many able boys may he depre><sed and lose all interest 
lr> their \vork from w-ant of flucces.s and of opportunity to reveal their ability. 

( b ) In Schools provided with lalwratorles and having a continuou.s curriculum 
a course of elementary general science. Including work of an lntroductor;r kind 
on Iiydrostatlcs, Iieat, and properties, both physical and chemical, of air and 
water is common at present ; It serves as a satisfactory Introduction to later 
work, but it Is Important, especially In town schools, that what we might call - 
the physlogruphlcnl aspect of these subjects, to which we have called attention 
in a preceding puragruph, should a^nys l>e before Uie mind oftWTTeacher. 

51. The more systematic sTudy ot science begins about the age of 13; whlt%^ 
we do not con.slder it desirable to sugge.st a detailed syllabus, we think It Iin- 
pnriant to state wliot In our view are the princlplos on which It might be 
framed. . For the sake of detinlieness we will consider the cose of a syllabus In 
physics; the principles, how’ftver, apply to chemistry and biology. In the first 
place, the -object of such a course Is not to train specialists In- physics nor to 
give dexterity In making aw’urate measurements of physical constats; it 
should he designed to give ns go^nl a mental discipline as posslblev^^^o mak^ 
the student acquainted with the principles InvolvcKl in familiar physical 
phenomena. Even lf» as we suggest, the time allotted to science teaching is 
Increased, It will not be possible to study the various branches of physics, such 
as heat, light, sound, electricity, and magnetlam. In as much detail as when 
only one or two are attempted, There must m»cessarily be great gaps In. Uaj 
students* knowledge of these Ranches, but . In the .general coprse.we thfn^ these 
&.'gapa[ shouUl be djstHbuted rather than jthitt one: ^ branches. 
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*hoDld escape consideration altogether. The problem the Bclence msHler has 
to face is how to simplify the courses so as to be able to complete them In the 
time at his disposal. To make our meaning clear we give an example In some 
^ detail, showing how a course in heat might be arranged. The science ninstcr 
would first ask himself whnt are the most important physical phenomena tuul 
.industrial applications for whlcft a knowledge of Iieat Is eWnUal; let us sup- 
rs>se he decided that these were the domestic Are, the warmth of the sun, the 
lienting of buildings, changes of state of water to ice or steam, the formation 
of ruin, fog, clouds, snow, hall; the steam engine and Internal-combiistidn 
engine. He would then build u course Ground these topics. In which attention 
was mainly directed to the subjects most closely connec»ted with them, namely, 
the sources of heat, the expansion by heat of liquids, the changes of state of 
water, vapor pressure, the thermal effects due to compression, and the trans- 
formation of heat into mechanical work, the other parts of heat heiiiff only de:ilt 
with so far as they are necessary for the study of these subjects. He would 
then consider at what stages these subjects should be taken, for it is dCNinible 
that the study of heat, as of other branches of physics, should not all be d»*iie 
in one terra, ^bui resumed from time to time; this gives opportunity for revision 
and for postiwnlng the more diHicult parts until the students are more nmuirc 
and have more mathematical knowledge at their disposid than at the beginning 
of the course. 

' It Is essential that the parts on w'hich It is deolde<l to concentrate shoirkltn- 

done very carefully and in detail, w'ith much practical work In the laboriUotS. 
It Is better to curtail the number of subjects discussed than to save time iJy 
slurring over dlfflcuities. * j 

We should like to lay stress or. the fact that the conventional subdivlsym 
of physics Into branches such as heat and light is apt to lead to neglect of^-ry 
• dinportant parts of the subje^ct, either iMH-ause they are related to several of die 
branches — e. g.. the conservation of energy, or because they lie outside the eiis 
toiniry divisions. Few boys get In a school course any Idea of subjects sueli 
as surface tension and diffusion through niemb nines, whleji are w'ell within their 
comprehension and are of the greatest IniportniH'O in biology. 

It Is I’ery undesirable that the work of a form should be confined fm* a whole 
year to a single braneh of physics; at least two of them should be taken. Fnnliei’. 

* the scheme of work .should provide for the recurrence of the vmious bmm lies 
of physics in the course, to afford orqiortuulty not only for revision of what has 
lieen previously done but for extension of the ground covered. 

The subjects included in the course might vary with the locality and tyjK' of 
the school. Thus, for example, in a town which Is the seat of an Inipoiumt 
lilduHtny some phenomena might be matters of dully experience which would 
rarely come under observation In a dllYcrent district. Those would naturally 
l>e include<l in one case and not In the other. 

r»2. In chendstry restriction of the field on the same principle Is neeileil, but 
tlie problem of cltoiee Is easier beenuw the field is less varlwl. It Is essential 
*h»it the w'ork slmll be brought as closely ns possible into relation with the 
; . • tldnga of dully life. No attempt should be made to study in detail more than a 

; small number of the chemical elements. A choice must be made which should 

^ hK lude the most Important elements, enough to' illustrate the principles on 

' • w hich the elements may he classined. In discussing these elements opportunity 

i Khould Iw Uken to explain Important points of general chemistry such as dif- 

K fusion, the laws of combination, equivalence, solution, and electrolyris ; no conrm 

-^<*Hn be considered satisfactory which does not lead njp to the general' laws of 
chemical coiphlnatlon aml the explan^fon of them In terms of atoms and 



ERIC 


SEcoNDAny, ele;m;entary, and ‘Technical education. 33 


ropliiced with ndvnntapo by slmi)ier des^'rlptlve exercises not Involving; niens- 
nri'in'ents bnt reqiilrinjr some Independent thinking. TIte description of utiui- 
ufucturlng processes sliouM not be neglected, although udimte details would 
imiiirally m»t l>e Introduced. Boys are always keen al>out large-scale work, and 
while suclt work Is being de.scrilKMl many opportunities will occur to tlie teaclu^r 
of oxenipllfylng principles which the hoy will already have come across In his 
\\i*rk in nu'chnnics and physics. The sharp division which Is at present nmde 
hoi ween Inorganic and organic chemiiury shim Id illsappear. and ld<‘ns siieh us 
foriiuMitation, saponltieatlon, etc., shbuUh.Mnd a place In the course. The chem- 
io;il pn»eesses In tlie life of a plant* sUould n(d be omitted; for example, ihe 
";iy in which carbon dioxide is tniii.sfonne<l Into sugar, the utilization of atiims- 
I'iiiric nitrogen hy the leguminous plants, and fne part playe<l by nitrogen 
n'ltipoimds in the food Kupply (»f plains could he pointed out while enrhon 
and nitn gen were being studied. Similarly, the study of silica would naturally 
i'-ad To a discussion of the part played by air and water In the weiilherliig of 
ri>oks. 

y.l We have already laid stress on the po'lnt^'tlmt some kuo\vle<Ige of the 
iiiaiii tih-ts of the life of i>lanls and aidnmls shmild form a regular part (»f i!u* 
u acldng in (wory senmdary school. Systematic work In zoology, including 
I. insect ion of animals and the um‘ of tUo coiupomul^niicro.'^cope.' belongs to a 
hiici sti)gt‘ of seh(to) pfe. but Ihe inain facts as* to tlu* relation of plants and 
aninmls to their surroujidings. tlie cimnges In material* and in energy InvoPcd 
ill their life ufcul growtli slauild form part of a well -l)a lanced sehool course. 

Tlicre Is a considerable measure of agreement among our witnesses to the 
1 ‘IV ct that the course mighr inclmle the multi anatonilnil features of the higic-r 
iilaiits, tlie elementary physiology of plants. esiH*eIhily lUelr relations K» tlu* soil 
mid to tlie atiuosiihere, together with some quite general knowletige of uniiual 
iiicialiolisrin. We think that in a boy’s school career room could be fouinI for 
this work Uy d(*votlng to It lairt of the science time in the summer Icriiis. 
Our object would mU he attulmsl by the establishment of courses of element arv 
•biology at all unulogous to those which are found at present lu tlie higher foniis 
of schools. Many of them are nuxlelod on tlie llr«t year’s course for nuMllriil 
students at the universities, ami contain an amount of morphologlcar detail 
which would he iiltogethei/ out of [dace in a general science course for mlddld 
1‘oriiis. The kind of Instruction which we have In view netnl not be In the 
Imads of a teaclier quail lied only in biology and responsible only for that 
I'articnJar section t*f the science work. We realize that ^ Is not easy at 
[in'scnt to lind teachers who can glv(- mlofluate Instruction in the varinus sti!)- 
Jt'i-ts which we shouUl like to see'nqiresentt'il fli the curriculum, and tliat tlicrt^- 
fnre only gradual development ami Imiirovemciit can he lookoil for. Tlie 
separation of the biological schuices from the physical seleiices at the unlversl- 
lies has made It extremely didlcult to tlnd a coiiiiietent biologist who cua teach 
cviui the most elementary physics with the requisite accuracy and definiteness.' 
The want of teachers with whier wieatltlc qnnlitlcatloiiH Is at present the real 
didiculty In the Introduction of biology Into school work. 

o4. 8 cAooJ^.-“ I' hi*re Is some dlffertMice of up! n ion as to the science 

subjects which can be ino^t n.s«’tSlIly taught In girls’ «c1kh>1s.. r<u' muny years 
little beyond descrliuive botany was attempted. Botany Is ^t 111 the chief subject, 
but It Is becoming more and more common to treat the plant as a living ami 
growing organism, ratli'er than ns a specimen to be classified In a herbarium; 
the physiology of the plant and Its relation to Its surroundings have becotne 
more lm{H)rtant than the Identification of wild flowers. But a study, of plant 
^physiology is Impossible without some knowledge of physics aud chemistry, ami 
IQfiidS*— 20— 
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partly for this reason these sciences have gained Increased Importance recently 
In girts’ schools. Several witnesses emphasized the fact that the study of physics 
Is still unduly Defected, especially in schools where a low standard In mnthe- 
matlcs has become conventional. This has prove<l a serious obstacle to students 
who wish to enter the medical profession. It Is moat desirable that girls should 
have an opportunity of discovering whether they have a tairte for physics or 
chemlstr^,yj^jirt of developlnj^ such a taste where It exists. 

Tlie main (UlMculty of tlie scliools la to pccure .acienoe mistresses who can 
undertake all the subjects which are required. This dlfriculty will tend U> dis- 
appear a.s the recommendations niade^ In our report hear fruit. It I.s to be 
hoi>e<l that ulthnalely a niatlumiatlcal mistress will not be ouiaiderod to be 
fully equipped unU‘Ss she Is at least capable of teaching tho pliyslcs||eedcd 
between the ages of 12 and 10. 

Two si)ecial points deserve notice: It Is Important tlmt hygiene should be 
w*ell taught in gi« Is’ schools. \Vc a(!ree wltli*tbe opinion of some of our wlt- 
ne.s.c.,*.s that the subject should be tuken as late a.s possible In tlic scliool courst*. 
preferably at the KVIS slage, after u cour.se of systeinatlc work In the soU^ivm 
on . which It clejMinds. \Vh(‘re thbs Is Impossible, definite toacldng on tlie laws 
of health ami on per.sonal hygiene may well form part of Hu* wr>rk of iho ■ 
lower forms, but It'can not bo properly eonsldered as*a -part of the science 
course. 

Similarly lessons on tlie everyday affairs of the household are obviously of 
practical Impovtaace. and they may form a part of scientltic etlucatlon If they 
are given l>y a teacher who has a real backgroU 4 d of sclentllie knowledgt*. 
liut mneh of the domestic sthaice taught In schools lots no claim to the namo of 
science at ah; it would be l(*s.s pretentious aud more aceurate to call it hou'^e 
craft, ami find n place for it outside the hours jdlotted to science. 

r»o. 'Jijl/ie.— Teachers will ve^ iiatnrally ask liow time Is to he foiuul for the 
extension of tlie range of sdeiu’e teaching whb’li we propose. Some If it will 
have t(t come from time now given to other subjects. There are st*verul possi- 
biljtles in different parts of the curriculum. There ciin be little doubt tliiit if 
0 considerable part of the ordinary mathematical work wvvo done by teaclicrs 
who are also teaching science, murti overlapping would bo avoided niul lancli 
loss of time prevented. Practical exercise.s in physics give better practice in 
rational arithmetic than the very unreal problems comtnon In textbook's. :nnl 
Itelp to famUh'irtze pupihs with tlie metric system. The quostloh as to TIio ad- 
vantages and dtsadvantng<‘s of tlie metric system of weights and meat?ures has 
many aspects which It is not wivhjn^pur provlnc^to di.scus.s. As far. however. 
a« education Is concerno<l, dntrtlhiuSion of the metric Bystem would in* 
attended with great advantages. Arithmetic would be lnuch slinpUfled, and tine* 
saved which could be devoted to other .subjcct.s. Again, 'there la muqji over- 
lapping between the subject matter of i>liyslcnl geography and of elementnry 
science lessons; fi-wpiently a question such ns the causes of the fall of rain is 
treated from one* point of view In a phy.slPs lesson without much* reference to tin* 
natural phenomenon, while this natural phenomenon is exiyalnc<l in a so-called 
popular manner In the geography \esst»n. There Is a clear opportunity here 
fpj^ Mving time. The time given to mechanics might come from the time 
/Allotted to mathematics; If we put this at one period per week and allot the 
i*qulvalent of one period per w'eek on the average to biology and two to chem- 
istry there would remain, If our proposals are carried out, at least four perlod.s 
per' week for physical subjects, Including mechanics. This suggestion is only 
Intended to give an Idea^of the proportion of time to be assigned to each sul>- 
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But we must indeed trupt mainly to wiser, more economical, and more effec- 
tive use of the hours Spent in the laboratory, and this can only be nttalu^^hy 
the constant care and attention of the teacher, and by careful planullH[)f 
the practical work of the form* (see sec. 43). If the periods of practical 
work are too short, a (llspro])ortloiiute amount of lime Is lost in sturtiuj; and 
, stopping* In many schools time Is wiistetl in making fair copies of laboratory 
nt»ics Instead of writing a concise tic5WTiptIon ns llie eiperiinent procecals and 
in making unnecessary sketches; nothing Is more useful than a sketch of appa- 
ratus in describing an experiment, but it is n wnste of time to take live minutes 
tn draw a crucible with the aid of ruler and cowtpasses. 

no. EniJli8h.~~A\\ through the science course tlie greatest care sliouid be tnken 
to insist on the accurate use of tiie Ktigllsh language, and tlie lonjjer the (line given 
science the greater bwimes tlie responsihllity of tlie teaclier in this mutter. 
It is not always rcvognlzed that tliere lire excellent opportunities for teaclilng 
dear writing In connection with everyday laboratory work. A lxiy may fail 
to write u good essay liecause Ids coinmiiml of Knglish Is lirsunicient to express 
wimt he would like to say, or Iiecnuse he lias little or mulling to say on the 
Mdijoct, but If he has been doing mi exporiinent lie should at least be able to 
de^icrlbe wliat he <Iid and wliat he aaw in simple and compreiionsible language, 
in the plain Kiigllsh of edu rated tKmple. Tlie con vent Ion nl Jargon of In bora* 
tories, which is far too coimnon In much that Is written on pure<iiid on applied 
si iriicp, is quite out of plm^* In schools. Ttio schMico master can not die allowed 
P» leimdinte resisinslbility for the Kngllsh in which riie work of his class is 
wiitien. • 



TIhtg Is u tendency at im^sent in some schools to discourage buys from rending ’ 
unytliing about their sclcmre work oxni't the notes which they take in class 
iHid in the Julioratory. We consider that this policy is most pernicious. If a 
boy Is Interestcil In his subject lie will naturally wish to read about It and 
sliould be eneopraged to do so. A pai-t of the time given to preiiiinition, whlcii Is 
now often devoted to tlie mere transcription of laboratory notes, might be 8]>ent 
in this way, and boys should^have access to good scientIfU! books suitable to 
tile stage of knowle<ige renduMh The pnictloe of dlscou raging private reading Is 
ivsiionsilile for the tend<*tTr57"^^icli has invonie more noticeable In recent yearsi 
.students of .sclfiice at tlie luiiversltlcs to rely eniirely on the instructlun 
they got lu lecture.s. Some of t!i»*ni sot*m to Imve lost any de.slro to read for 
tliemselves and from wmiif of practice lack Uu^ ahiiliy to use liooks to any 
udvautnge. Hoys who Imve acquired the Imblt of reading books on wdence. 
wlien at school are more likely to ko<*p ulive in after life their knowledge and 
interest In the subject. , 

SCIENCE IN SECONDARY SCHOOLS, 16-18. 

"i- 

r>7. We have already recommended that there should be a general course In • 
seeondary sdiools up to the stage renchiHl by boys of about 10 and marked by 
the tlrst school exmuIimtioU ; that the course should not be uniform for all 
si-huols or for all the pupils in . a school, but that a substuntiai scheme 'of work 
!u science should form an integral part of It. This general course should, In 
our opinion, be followed by a period of study covering about two years, in 
witieli attention is conauitrated on a more limited, range of subjects. In'this 
nuuipctlon W(f Blmil first refer to the age of transfer from the secondary school 
to the university. Hitherto it has bc^n customary for hmny boys passing on to 
0.\ford and Cnnlbrldge to remain at school till 19 or even later; on the other 
hand, those entering the modem universities have not Infrequently done so at 17 
or even earlier. In our view It Is*d€?slrable on educaUonal and other.gromutt 
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tliHt boys who Intend to»pas^ on to a university should as a rule remnln at 
tUe seoondarj’ school op to the age of 18, provided that the school Is so orirjin- 
lze<l as to furnish satisfactory courses in the various groups of subjects appn^- 
priate for them. Wherever this condition is fulfille<l we consider that it wui 
l>e for the advantage pf the pupils, and not less advantageous to the scIhmiIs 
and to the universities, that after the general course there should be n twn 
years* period of advanced -work nt school. When the condition Is not fiilhllHl, 
the right remedy lies in raising where possible the standard of the work utnhT- 
taken b^ the secondary school. We recommend that 18 should be the normal 
age of entry from secondary schools to the universities: and In making ihi.s 
rei-ommendation we are supported by all the witnesses who have given evitlome 
t»» us on the subject 

58. We recommend further that the usual age limit for entrance scholarships 
for boys awarde<l by the colleges (»f Oxford and Caml>ri(Ige should be 18 rliitier 
than 19, for It Is libt generally advantageous to a boy’s intellectual development 
that he should remain subject to school conditions much after tlie age of IS. 
Further, university courses for science students will normally ej^tend over a 
pt»rlod of four years, and may often te u.sefully prolonged to a fifth year. The 
Increasing requirements of professional study at the universities and elsewhere 
(especially In medicine and engino+^ring) and the development of advnmnl 
courses in applied science, which presuppt>se a thorough knowledge of imre 
science, alike involve a lengthening of the j>eriod Which intervenes betw’een the 
end of a^oy’s school life and his entry iqto industry or profes.'^lonal practice; 
while under the conditions which are Ukoly to obtain after the war young men 
will need to enter on their life work at an earlier age than has hitherto Imhii 
customary. It follows that the age of leaving the secondary school should 
not be unduly postponed; and we do not consider that It can be wl.^ely p^i- 
p>ned much after the age of 18. We have already recommended that the nge 
of entry into the public schools should he 13 rather than 14; we are not there- 
fore suggesting any curtairuient of the petiotl spent In the secondary school. 

59. It Is generally agreed tluU the greater part of a hoy's time l>etweeii 10 
ipul 18 should be devoted to the study of a group of subjects, the cbolo* of 

'which will defend n\fon the tastes and iiptitU(U‘s lie has develot>e<l and the 
career to which he looks fonvard. Specialization at this period Is desirable 
because the Imaginative and logical faculties can be "host trained by the inten- 
sive study of a few subjects. Advance work, too. Is necessary to enable the 
• learner to appreciate and attain a high standard of accuracy and thoroughne.ss. 

00. .Under existing conditions the amount of time devotfnl to subjects other 
than thow» Hh which a boy l.s specializing is. often extremely Hmit«l. The 
science apwiallst gives little time cJr attention to literary studies; he ma^', even 
“tliough hlj9 main work Is concerned . with physics and chemistiy, neglect math- 
ematics, JThe specialist In classics or modern languages omits any study of 
sclenae. Wthout wishing to lay down any hard and fast rule In the .matter, 
we suggest that an apportionment of time by which a boy <levotes not 'more 
"^than two'thlrds nor ies$ than half of the School week to work In his special 
subjects may be regarded as reasonable. Some literary study, including Eng- 
lish, should have the first claim on the balance of the time of all sciem*c 
students. Further, just as the science specialist should, In the best Interest t»f 
his education, widen Als outlook and enlarge his Interests by' continuing some 
literary study, so, the student of classics orrtntklem* languages should give’ time ^ 
and %ttehdon to science work of an appropriate kind. 

^ fil, ^Ose wKose main subj^ is natural science wUl not all be candidates fpr 
i^olaiTilips at a ; th^'e be boys whp;do;not propt^ 

at sll/iM dl^ilb^^^ 
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fession; and others, again, who ^11 enter nniversitles with a view to taking 
pass degrees. All these will be specT^lsts In the sense that their work will be 
limited to fewer subjects than those taken Id the previous general coui'se, and 
-their Interests can pot be Ignored.’ 

62. The kind of work and teaching .appropriate for the science specialist ns 
tfuch will consist, broadly speaking, In* carrying forward to a higher stage the 
w<irk In two or more of the sciences— physics, chemistry, biology — which hnve 
fnrnu'd part of the general course, ami will present to the schools only Tlu»Ke 
fliftiriilties with whibh many of tliem are familiar. It will usually be accoin- 
by further study of matheinntlcs. Those who take biology should cer- 
tainly continue the study of physics and chemistry, but we think It Is mrt 
I'fi’i ssary to Insist that they should do advanqa<l work l^ matheniatlos. 

(i.1. The work we suggest as appropriate for boys who are not specialising in 
V- iojioti differs altogether from this advanced work. It can not aim at the s^une 
liii-asnre of completeness even In a limited field, and there will not be time 
no- extended laboratory teaching. There Is at present little experler^ to guhle 
us when we coriie to consider the character of the work in science suitable for 
such boys. The matter Is, however, one of the first importance, and science 
masters could do no more useftil service to the cause of scIenc^' than to think 
• eiit the problem for themselves -and to make their own experiments. 

The (.xjurse or courses^for It Is not desirable that there should be a unlh)rm 
n*ursi' — must satKsfy wrtaln necessary conditions. First, they should presu|>- 
lh.se a ppiioral course In .science Including laboratory teaching up to 16 some- 
what on. the lines we hnve suggested. Second, they should be planned on a 
sca|e consistent with the comparatively small amount of time available for 
titem, and not ail of them need Involve practical work in a laboratory. Third, 
their scope and character should Ik* suitable for boys of 16-18 who are doing 
udvnnced work In other subjects, ^he last condition is vlui. It Implies that 
the teaching must, If It Is to hnve any real value, be given by thoroughly com- 
petent teachers with a sound background of scientific knowledge and a wide 
outlook. It must not be merely discursive or disconnected or journalistic; it 
sliould deal with scientific questions of general Interest and discuss them on a 
basis of definite knowle<Ige. Alwve all, It must not aim too low. If It does 
not stretcli the wits of the. cleverer boys and give them something td think 
about. It will hnve falle<l. • 

64. The choice of the subjects must He with the teacher. There Is great 
\w*aU‘h of material and a wide scope for teachers of varied gifts who know how 
m use theirW)pportnnl|te8. We can not do more than make a few tentative 
^nggesthms. us folloiiW^ m " 

A. (i) A course on the outlines of roaniical physics and astronomical prin- 
ciples of general Interest, such ns the measurement of time, the calendar, the 
sige and mass of the earth and sun ; the applications of spectroscopy to* elu- 
Hdate the composition of the stars, nebnifp, etc. (II) A course on the g«ieral 
principles of geology, without too much technical detail, illustrated by local 
rxamples and the use of geological maps. (Hi) X course on physiology and 
hygiene, which would Include a discussion of 1l%e part played by bacteria and 
other lower organisms In fermentation and,4n the spread of disease. (Iv) A 
tvmrse on physical meteorology; the composition and general circulation’ of the 
atmbspbere, relation of wind to pressure, storm, clouds, rain, snow, thunder^ 
storm,' the aurora, weather mapping. 

B, Courses on the history of sblence-e. g.t <l) The history of astronomy 
from the Qreekis to Newton, Including w)ine account of the geocentric and hello-, 
centric i^stems. (ilK^nie history of mechanics on the Un« of eaVu^ 

“ l^lpclples of M^ablcs.^ • 
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C. Courges on the developmeot of sdeDtiflc Ideas — a g. : The constitution of 

matter, the conserration of energy, the doctrine of evolution^ heredity. Im- 
munity. ' ^ 

D. The lives and work of scientific men — e. g. : I.eonardo da Vinci, Galileo, 
Kewton, Lavoisier, Cavendish, Faraday, Clerk ilaxweil, Kelvin, Pasteur. Dar- 
win. Helmbolts. 

F. The bearing of scientific Inventions on Industrial progress— e. g. ; in con- 
nection with the history of farming or with^ther local Industries; ra(‘th«nls 
of transport by land, water, and air; means of communication, such as signal- 
ing, telegraphy, telephones; methods of lighting. 

F. Courses of a more practical kind than tliose mentioned above on the par- 
ticular applications of scJtMice— e. g. : On the Internal-combustion engine or the 
dynamo. Such courses would api>eal to boys of a mtK^lmulcal turn of mind. 

0. A course on the method and philosophy of science, historically treaiM, 
with special reference to the work of Aristotle and his preflecessors, Archi- 
medes, Galileo, and Bacon, and the later experimental plillosophers. 

It will be seen that many of these courses— ami the list dt>es not pretend to 
be exhaustive — give special opportunities to a teacher who conihines some 
knowledge of history with his knowledge of sckmce, uml should apixml to hoys 
with historical tastes. It is not, of cours<\ suggested that they could all [►e 
profitably undertaken by any one teacher, or included In '‘the work of any one 
scliool : tliey are quoted only as suggestions from which a selection might he 
ma<ie, depending on the teacher’s own interests and tin* circumstances of the 
school. The fact that n teacher, has quite rightly d< voUHl himself during his 
university course to the special study of a few branches of science Is no ren.'^on 
why he should limit himself in scIickjI to tin; teacldng of' those subjects. 'The. 
courses indicated would be protUable also to solenci^ specialists, and wouI<l do 
much to counteract the narrowness of'^w which sometimes accompanies 
specialization. ' ' * 


Teachers will have their own views as to the methods by which such subjects 
can be most effectively presented. It may be assumed that the teaching will 
for the most part take the form of class teaching with illustrative experl men t.s 
diagrams, and sptH^lmens from the school mu.setim ; hut every encourageimuu 
sliould be given to the pupils to supplement this by private reading, ^t la 
essential. In the Interests of precision and accuracy, that the hoys should he 
required to write about their work. Opportunity should be taken to set them 
questions of the essay . tyi>e which would test their knowltnlge and powers of 

expressloa 

05. The pupils who are sp<claMzlng In science will generally fall into one 
or ifiore of the following groups: (1) Scholarship candidates and others who 
will give their attention to two or moye of the subjects— physics, chemistry, nml 
biology — with a view to an^honors or pass degrw In pure science; (2) tho.se 
looking forward to entering the medical profession : (3) .those who Intend to 
enter the engineering profession or one of the Indu.strles; (4) those who will 
be connected In one way or another, with the -land. 


The special needs of the last three groups are considered elst^where; the 
needs of the first grqup are. Influenced by university entrance scholarship exam- 
inations, which are dealt with In a later part of this report (See secs. 130-142.) 
For all of these It Is Important that, In addition to their scienc*» work, the 
school should provide appropriate courses of work In other sithjeets. The 
value of a knowledge of French and Qenimn at least sufficient to enable a 
.student to use these languages as tools In his work Is obvloifs, and* there Is 
DO reaaofi why anyone, who has got beyond the elementary sta^ should not 
read a Frencli or German textbook or use. books o.' ^sferenoe In, these tan-. 
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The need for mathematics for the majority of science bh^>U.no lesa 
urgent, and should not be difficult to meet If the recommendations which we 
make elsewhere as to the relatton between the teaching of mathematics and 
science can be carrlerf out It is the study of j^gllsh subjects which is at pres- 
ent most neglected In science forms. Just as we recommend that a special kind 
of appropriate science teaching should be provided for the nons<rientIOc boys, 
so we think that the schools should grapple with the problem of helping mathe- 
mntical and scientific boys. In the study of subjwts of a general education 
whuli will be of value to Uieiu In later years. It happens too often at present 
that the time which Is not given to the pupil's special work Is used In a hap- 
hazard manner without a definite plan. 

THE SECOIO) SCHOOL EXAMINATION. 


(i6. The hoard of e<lucatlon have made proposals for the establishment of .a 
second sohdol examination suitable for pupils of about 18. 

Sucli an examination should, In our opinion, test the work In a few selected 
Piih.lecta widrh woulti-Jnchide not only those In the gr^up to which the cmull- 
date's main attention has l>een given, hut some other subject or subjects as well. 
It should not be on the lines of the first sc‘bool examination; for merely to test 
the suhjtH’fs of 0 general course carried to a higlior stage would-be to throw 
away the intellectual opportunity offered by concentration on a more Ilrnmni 
range. '' 

67. We consider that, while tWe should ba reasonable freedom of cfe^ln 
regard to the subjw'ts offercHl In the examination, a j?amlldate whose main sub- 
jcf't is natural science ought to offer at least one other subject, hlkory or an 
ancient or modern language, or English literature. We should not consider 
the combi nation of science and mathematics without any llterarT^S^ject us 
satisfactory. Ctmversoly, n candidate whose mnin subject is a literary one 
should be ^Ki>ected to offer a branch of natural science or mathematloa We 
pii^ume that the examination will nhvnys teat the candidates’ power of writ- 
ing English. The standard std in the subjects offered should not, however, be. 
s^) high as to preclude the possibility giving time to other studies which 
might l>e conslderecl appropriate nt this stage of Question. It is not. in our 
view, necessary or desirable that a boy should present for examination, least 
of all a£ this stage, nil tlie subjects to which lie is devoting school time. Art 
and music or a modern language might, for example, occupy some of his time, 
but there Is no reason why tliey should be offero<l for exahiinntlon. Igistly, it 
is essential that tlie regulations for this examination- should be so frnme<l as 
-not to be Inconsistont with the scheme for widening the basis of college <^n- 
.trance scholarship examinations which we reconunond In section 140. 

Sections 69, 70, and 71 deal with secondai 7 scientific education in 
for which the observations made in regard to the position of; 
science in English State-aided schools generally hold good. 

TEACHERS OF SCIENCE IN SECOHDABY SCHOOLS. 


(i) Supply. 

,:72. The first and Indispensable condition for any real improvement In the 
teaching of science In.schools pfiall kinds Is that effccUve steps should Se taken 
to securd an adequate supply of properly qualified teachers.. The supply ^ 
inadequate for exl^ng needaj quite apart from the abnormal odnditiotiA created 
by the war, and it will be still mdre defiei^t after the war« 
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We have suggested elsowhere that the time to be given to science should be 
aiiguiented, that the subject should be taught In schools and parts of schools 
where It is omitted, and that advanced work should be further developed, espe- 
cially In State-aided schools. If these suggestions are to be carrle^ out It, is 
clear that, quite apart from the demand entailed by the continued 'growth of 
secondary schools, .vnieh has been a^strlklng feature of the educational history 
of this countcy in recent years, the supply of science teachers must be further 
increased. On the other hand. Industry has already begun to compete for the 
services of those who In former times would have looked forward to science 
leaching as a profession, and the competition is likely to grow more severe in 
the future. 

‘ ^ (11) Salaries and Other Conditions of Work. 


73. To secure the requisite supply,of teachers It will be necessary to Improve, 
and inibrove substantially, the salaries of tenchers of both sexes aud to provide 
n satisfactory nationabeystem of pennons and retiring allowances, • • • tu,. 
teachers are, in fact, the key to £he educational situation. Unless a suflieieiit 
supply of properly quallti(Hl ineu and women teachers cun be secure<l, all our 
projxisals will be futile, * 

Another committee ksis been appointed to consider the whole questt6n of 
palaries. It will have at Its dls{>osal Information that we have not, and it can 
C*mcentrate on the consideration of principles and maybe on the determination 
of details outside the st^pe of our Inquiry. But w<^UouM be faithlesii to oiir 
duties did we not assert as eniphntically as possiblo-nmt the conviction formed 
at an early stage of our proceedlng.s that no suggestion we might make would 
be of avail to improve (ho posiUon of science in education unless the salai i<‘s* 
at present offered to teachers were considerably rnlsitl, has been strength! ‘iH‘d 
at every step we have taken In our journey. It Is not merely an improvomeni 
In l!ie salaries that Is heodetl, but a revolution In the attitude of the ptihlic 
toward them. Exceptional teachers will always join the profession for ihe 
love of the work It o^sts and the oi)portunity It presents of fullllllng them- 
selves, These must be a minority. Invaluable it is true, but not to be m’koned 
with as part of the normal supply. We have sjwkcn of a revolution, Whut 
\we mean is that pres^mt sidarles should no longer be taken as the basis for a 
future arrangement. To add 10 or 20 per cent is useless; a much larger in* 
creu.se Is necessary to attract the number of better qualUled meu and women 
that our proposals necessitate. The new basis for the calculation of aiihirlcs 
must be what the men or women of intelligenc*e, e<luoatlon, and vigor might 
gain in any other profession. There are no doubt comj>ensatU)ns In the life of 
a teacher — e. g., longer holidays — but there are counteracting disadvantages. 
Whilst term lasts the work Is peculiarly exacting. The salary -earulng life is 
ahorter. In no profession is It more Important that the ni embers should have 
reasonable opportunities of fflrelgn travel and the wherewithal to purchuM* 
b<^k8, hut foreign travel and\ the purchase of books Impose n heavy tax on 
scanty incomes, , 

But a scale of salaries — even a reasonably generous scale — will not be sulTl- 
ciont.* Wo attach equal, If not greater, importance to the attrgcttve value 
posts carrying a salary and Influence more considerable than %ny that can 1 h* 
recognized by on automatic srate. The annual Increment and t^ Aced minimum 
must be tempered and vivified by better-paid posts. All schools shodld be ennl)left 
to offer to one or more of their masters as a reward for teaching gifts, as distinct 
from adthinlstrativO ability or mere" seniority, salaries not confined within a 
scAle. veiy existence of such ^prizes would serve as an encbura|ieineat and 
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B stimulus to teachers, to estivate tlieir abilities even in the middle years — the 
iiHfSt <lancerous years of thrtr career. 

7-i. It . Is also desifable that the conditions under which the teacher works 
sliuuld iM? such a.s will Improve his efticlency. The preparation of successful 
experiments to Illustrate lectures makes demands on the time of a science 
teacher and on the accommodation tit his disposal wlilch under present condl- 
ti<ms are In many schools very dhtlcult' to meet. We think that this fact 
.'‘Iiinild receive recognition In the arrangement of secondary school tlmedahles, 
(‘Sp(n iaIIy for those teachers primarily responsible for the orpanjzatlon of the 
^cif'tl('e work. In some schools ti»e tenchlnsr Is haudicnp{>M by the fact that 
iciH lters are without the services of a laboratory assistnnt. This handicap will 
In- incretise<l when our proixtsals areodopte<l. 

It luis Iteeii pressed uiMm us that teachers In secondary schools should have 
c.]ipnrtiinities for Independent research. We are iif* general sympathy with this 
Mi^irestion and think that mucli more nilKht he done in the direction of estah- 
Ii^liin^r points of contact betwt*en the work of university t cache and Invest!- 
;:arors nml that o‘f tochers In secondary schools. But ^he nuinher of teachers 
in swondary schools qualified to conduct scientific research, except of a quite 
umimbitious kind, will probably never lie larRe; and nwessary sch«(ol duties 
must nuiiain, save In exceptional cases, a bar to any. considerable development 
fit this kind. There should in any ease Ive room enough In a school laboratory 
tor . the masters to carry on experimental work of their own. It Is b<\voiid 
(inestiou that a ^jreat stimulus Is ^Iven to the lietter boys where they see t^t a 
'■•I iem*e master Is en^'ajicd hi independent lnvej*ti^'atlon and can help him in 
Operations incidental to It. A junior master who has had experience in a re- 
search Inltoratory could find In many of the sciences problems within the mn^'o 
of his resources. But, as his work must be Inte^ilttent, he must have some 
Itlaee where hik apparatus run bo left undisturbed. It Is especially Important 
to keep the need for this nccommodatloD In mind In the deslRnliiK of new 
hihoratorles. Facilities for Inde|>enOent w*ork would Increase the attractiveness 
of (he career of a sd^ce master, and research would have a^eat effect In 
loCreshlnR ami stimulatluK his mind. 

Tliere Is also work of the first importance to be done in the direction of im- 
proving the methods of .science teaching — e. V- the devising of new experiments 
nud the Improvement of schemes of practical Instruction. These, under the 
inthiencd of textbooks and examinations, tend to pet stereotyped. Such plonecr- 
inp. which might be doscribetl as educational research, is !>adly needed wid can 
only be done at the schools. ' 

(iii ) Qualifications. 


7"». NVe pass on to consjdbr tlie qualifications of science teachers, both as they 
an* and as they should be. In regard to the first point, science teaching in 
st cdminry schools is almost exclusively concentrate<l In the hands of those who 
have obtained a university degree In science. Science, unlike some other sub- 
Jt Its, is seldom intrusted to a teacher who has no special knowletlge of the 
subject he Is required to teach. On the other han?^ It Is only an Insignificant 
uiinority of teachers who have received any training In the a||i||bf teaching their 
c^\ n Rtibject, and the opportunities afforded to science teachers of seeing work 
in schools other than their own and profi^ng by the experience of their col- 
loapues are extremely limited. We were Indeed informed by the chief Inspector 
of secondary ek^hools that "there was ne^ for science teachers with a wider 
outlook and a more developed ski tl in handling their subject" 

With regard to tbe qualiflcattons which science^ teachers should possess, It is^ 
clearly desirable. that they should have taken a university course in science* 
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and should hare come under the Influence of Inspiring unWerslty teachers. It 
Is also desirable that future sclence'teachers should, so far as possible, avail 
themseives of op|)ortunItles for experimental work of a research type, whether 
before or after taking their degree. But If science teaching iu secondary schools 
Is to follow the lines we propose and he something more than teaching adaptf^t 
to tlie future science specialist, It Is necessary that the teachers should have 
received a school and university education calculated to give them that wider 
outlook without which their teaching Is only too likely to bo jvoodoii and tmin- 
spiring— an education whldi would enable them to deal with the relations of 
science to the progress of civilization. Its Influence on human thought, and the 
history of sclejitlflc dlscovery.i It Is probable that the pressure of examinations, 
the laudable desire to carry the school work In physlcs,^chemistry, or htdany 
up to a high standard, and an undue emphasl.s on practical work in and for 
itself nre contributory causes which may account for tliat failure to deal with 
the wider aspects of science of which science teachers are themselves Increas- 
ingly conscious. 

7G. It Is one of the unfortunate results of the lack of teachers quailfl(Hl In 
science that they are commonly, under i\ie necessity of devoting their whole 
li^achlng time to their owiv special subject and that alone. In many schools 
this is carrltsl .so far that a master' will be engaged In teaching only a single 
science subject— c, g., physics or cliemlKtry, There is no doubt room In tbe 
more highly organ iztxl schools for a certain number of teachers whose work is 
8tKH.’iali^|ln this way, hut we certainly hope, In the interests alike of sdnice 
and ofl^He wlm are concerned to teacli it. that tliey will he encouraged to 
devote o^Prtion T>f their time and energies to teaching some subject other than 
the one In which they are siH'cialists. In partionlar we agree, as we have already 
said, with# the yiew expressed lu one of the answers to a questionnaire which 
we sent to the mathematical association, that the best ineth<Ml of securing 
coordination of the work In mathematics and science Is to assign the teaching 
of inathematit‘s and physics largely to tlu* same teachers. To do this It would 
he necessary to have a supply of teocliers who had hod sulHcIcnt training in 
both motheiimtics and physics to enable jhem to enter Into the spirit of ladh 
subjects. • • • It would be well if those concern»Nl with the appointment 

of teachers let It b<^ known that they would give preference to candidates with 
quallHcations of this kind, ScIhh» 1 scltmce would gain If Its teachers could take 
a share In some subjects other than mathematic^. The abolition of water- 
tight compartments in which even closely allltHl 8nhje<*ta tend to he Isolntwl 
would bencllt l>oth teachers and pupils, U has J>een suggested to ns that sclenc.e 
mastbrs are at a disadvantage In obtaining hood masterships; we think tliat 
any such disahillty will disappear when the Imimrtnnce of ecleuce is more fully 
recognized ami when science masters undertake a wider range of school work. 

We di^slre to express our agreement with the view that some knowledge of 
the history and philosophy of science* should form part of the IntellectuAl 
equipment of every science teacher In a stvoudary school. The effectiveness of 
Bdonce teaching as an Instrument of mental training would. In fact, be greatly 
eiihanc^ If teachers were themselves more critical of loose reasoning and were 
better able to Instill precise and accurate habits of thought. \ 


* Such a kxu>wl#(3g« •• might be gained by the' study of chaptera of Utire Logic ; 
Jerooa* Prlnclirtea of Science; Mere*e History of ^European Thought In the Nloetoonth 
Centnry; IfacVa Prlnetplea of Mechanics; Karl Pearsoo'e Qrammar of Science; Ward's 
Katfh^ism and Agnostlclam ; H, Poincare's Science and Hypotheals land hla Inter 
worka) ; J. Arthur Thomson'a Introduction to Sdeacap to meoUop only a few weIPknowa 
works. * ' 
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(Iv) Training. . ^ " 


77, We have already pointed out tliat teachers, esiK*clully men, have so far 
avail(Hl themscdves to a very slight ejctent of such oi>i>Oi*tiinities hh exist for 
professional training. This is,, due In part ttf doubts ontertuiiie<l In *reptrd to 
Its value and in part to Jthe fact U;ft, owing to the dearth of teachers. IumkI 
masters and governing hodles Imve rvfa l^en in thtf^ posit Inn to insist on tr^ivlng 
as :i neces.sary quail flea t ion for apimintment. We uro ourstdygs convlnted that 
a Miituble course of tralnln^would ndij^to the eiradoncy^of science teachers, and 
ttmt the doubts which are felt ill some quarters are due to the unsuitnblJity of 
cMstlng sclieiiiOH uud to liuiited experli nee of tlielr elTocts on teacliers otherwise 
u.di (pialitied. For us the (juestlon is hot wliethcr teacliers sUmild cotitliaie to 
ijt'k the gtddaiiee \vhi<h a stiiiablc form of traihlftg might provide, but what 
soft of training Is likely to be most effective. 

In regard to this, tliere was a rcMiinrkalile consensus of opinion uinoug pur 
ollicial and other witnesses. There was general agreement lluU training should 
hr centered In tin* seroiidary seliool. and that it should consist mainly tn pniis 
tiee under phqM^r^suiHTvision in tlic art of teaehiug^thc subject or subjects with 
wliirli tlio tenelier is eonrcriied. We think iliut a full year's training should he 
pnoided after the compleUtui of a university coui'se of study and before ap- 
poinluicnt to a pernmiient post In a srhool. 

Tile first iH)riion of this time siuuild l)e silent In a smmtlnry sebool and tlie 
second, whleli slmiild not oxceiHl a third of the whole, In some ucadeiaie or 
Ollier training center. In regard to the conditions of training at a stwndary 
school, we suggest: (1) That not more thau half the time should he devofetl to 
actual tcaeiiing : (11) tliat tiig tciiciier in training sliouUl be regarded for tlie 
time being as n rt'giiiar member of the staff; (III) tliat he should work umler 
. the full eoiitrol of the h<*ad master and under the immediate guitlahce of iiu 
« experleiicetl member of the assistant stuff qualified to assist him in his H|H‘rial 
work, hut tliat llie authorities of the academic or otlier training dopartiueiit 
sliuuld liave full opportunities of cooperating with the school authorities ntul 
advising tlie teaclier In training as to his course of study ; ( Iv) that opiwrtmilty 
of seeing work In subjects other than his speclnl subject should be given to the 
teacher in training; and (v) tliat board and lodging, or tbolr equivalent, should 
be provided by the school. The second portion of the training sliould comprise 
attendance at courses of InsI ruction in the tccdinlque of schmee teaching as well 
ns other sohjects, and wo ImjH? that such courses will be organized at the 
universities. 

The adoption of a sclienie of tills kind should not prevent teachers who had 
attended an elementary training college or the elementary training department 
of a unh«..,.lty fronytuking posts In wvomlary schools if aultably qualified. It 
wMll be noticcil by those acquainted witli present arrangements for the training 
Of secondary teachers that the scheme we have proposed Is a combination of 
Uh* second and third types of training recognized by the board of education, 
and we think It may claln) to have the advantages belonging to both, 

^ Until salaries are considerably Improved some arrangement inusf be made 
for giving further financial Vielp to the teachers in training. The financial help 
might take the form of (a) direct pa.\Tnent by the school out of money con- 
trH)Ute<l by tl)e State In recognition of the fact Uiat schools undertaking this 
work perform a niiftlonal service, or (b> a loan from a fund ndinlnl.stered by 
the university or college to which the teacher In training belonged. wish 
to emphasize this point, for the fact that a teacher uiay begin hls work lumie- 
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dintely after he takes his defi^ree end without further expenditure baa had iin 
Important effiHrt In attractliij: men and women to the profession. 

* * * * * ♦ * 


78. The one year’s course of training proposed as the normal course for ;ill 
Heeundary teachers In the future will m^ed to be supplemented In various wavs. 

As things are, teiichers tend to be Isolated In their w'ork, especially in ihc 
smuller schools. Further, it Is dlObrult for tliem to keep even tolerably wtll 
abn-ust of the progress of knowledge in a subject in widch rapid advhnces aic 
being *mutle. 

Symethitig might be don^e to rerae<ly those defects by encouraging teachers m 
vlsit''oiher s<.*hool8. Such visits are of little value unless they are of at least 
ii and their value is much inereaseil if the teacher makes :i 

i i'i ord t)*iy»xpi‘rlence, of course only for his own benefit and that of hl.s col- 
league's. Aj^n, it is well worth considering whether Sfune organization iniglit 
not undertake the task of Issuing a journal (not ne<essarHy appearing at regu- 
lar intervals) or a series of leaflets in which teaehers who hate devised new 
lecture or laboratory exiK*riraents or new methods of dealing with particular 
problems in conmvtlon with their w<trk might bring them to the notice of their 
colleagues. - ^ 

7J). Aimrt from these exiHMlienis tlicre is need for the estiihllsliuiont of shori 
courses for teachers, vvldidi should be held preferably at university centers. 
These courses might be of the following kinds: (1) Courses consisting of U^c- 
tures given by university t<*uehers on recent advances of science. (Opportunity 
migiit’ l»e afVortU^l to tlu* tearluTs. attending such courses of working in a fuHy 
«siuippi‘d laboratory ami obtaining Instruction in laboratory arts, (ii) 
Courses given bi .those who hud had experience of school teaching, on the 
methods of tem l.ing the several sciences. These courses would normally in- 
elude laboratory v ork, and no small part of their value would lie in the inter- 
change of. experience among tho.se who attended them, they would enable 
teacher.s to tjcfitiaint themselves with new experiments and Imi>roved metluHls 
of overcoming diflicultles in the sc1uh)I treatment of science, (ill) Courses 
adapted for teachers who wished to fanimarlze themselves with a subjivt in 
which biey fell their knowledge deficient. Thus courses might be-'provided to 
help teachers o" nature study In preparatory schools or the lower forms of 
^ WM-otidary schooU, courses In practical physios for teachers of mat hematics, nr 
In geology or astronomy fof science masters who had not taken those subjects 
ns part of their university similes' To many an additional attraction of a 
return to the university would be the possibility of access to a large Jibrary. 

• In existing circumstances there will be need for n somewhat extensive pro- 
visiou of courses of the third type to tide over temporary dtfficulties arising 
out of the dearth of properly qualified teachers. It is very Important that the 
imlversltlcs should regard It as a normal part of. their duty to provide courses 
of jhe first two t.vpeM to supplement the one year’q course of training. 


in tlx 


TOBY ACCOMMODATION, EQDIPMENT, AND LIBRARIES.- 


in the matter of laboratory ncoommodation and equipment it is necessary 
to distinguish between State-aided and other secondary schools. Those Stote- 
nhled schools which date back to the days of the science and art department 
are well provide with laboratories and lecture rooms, while to the newer Stnte- 
idded schools the Board of Education have always insisted on the provision of 
properly equipped laboratories. > 
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The schools which do not receive grants are under no conipBlsIon in the 
mattpr. We were, however, informed by witnesses representing the Public 
Schools Science Masters’ Association that during the past 20 years there had 
h«vii great improvement in the provision of laboratories. An analysis of the 
Hiiswers given by 55 Head Musters' Conference schools to our Questionnaire 
shows that 80 of these schools have three and more laboratories, 21 Imve two 
liihorntories, and only 4 schools (with less than 200 pupils) are limited to one. 
In certain schools the laboi ntory provision would appear to be either Insufll- 
riwit for the needs of those tntilng science or suniclent only because so many 
Im.vs do not learn science. Thus, five schools with more than 400 pupils have 
r.M h only two lahoratorles : though In one of these schools substantial additions 
iin- under consideration. ^ 

In girls’ iiecomlnry schools, Including some which are State alde<l, the 
pr-u ision Is less satisfactory. The AssoMatlon of Science Teachers lahl bcf(TC 
us dgnivs showing that out of 28 scliools, wdth hetwmi WO and 800 pupils, 20 
lijid only one laboratory, and that 10 out of l^S lor|rer schools w-ere no better 
oil. 1-Xen l^e take Into account the fact that a certain number of pupils In 
:Ii( so scbw)ls Iiiivo not arrlve<l at nii age at which science with practical work 
forms part of the course, the tigures Kh#*w that the laboratory"*' accommodation 
is quite' insufficient. Our proposal for the increase of science teaching will 
make greater demamls on Ij^mrab^ry accommodation. We would point out 
Oi Tiint the mnnber of the lalmraRrles must J>e determined by the mimher of 
bnins who have to do practical science simultaneously; (11) that in planning 
new schools It Is imieli nunc Important to secure ample space than to provide 
plahorate anil costly flttinglf. School laboratories are sometimes ooustrueted 
complete la 1‘very detail because It Is thought necessary to Include ns much as 
iMtssihle oft tlie Initial oo.st In the builder’s contract; It w'ould. as a rule, be 
hettf-r to supply at the outset only the absolutely necessary mtings and to hold 
over flTportlon of the Intended exi>enditnre for the numerous minor adjustments 
and additions w'hich ai*e host made after ex|>erlence of actual w^ork in the room. 
* • ■ • • • * • 


81. It is impossible t(» leave the subject of apparatus .without poInt|,ng out 
that it is deslrni)Ie on eihfcatloniil as well as on economic grounds to make the 
utmost use of tiic schm)I workshop, the skill of its manual instructor, and the 
help of the boys. Wherever it (‘ould be affonUMl, It W’ould be an advantage to 
Imve a mechanic sutUclently skilled to be able to repair instruinents and to 
make simpfe pie<*es of apparatus for tise In teaching. The services of such an 
assistant would tend to u great economy In time, and his wages would be to 
soine.extent recoui>e<l by the saving In the purchase of apparatus. 

^82. One of the most valuable things which a school cun do for Its pupils is to 
teach them how to make nn Intelligent use of hooks, but In. many schools this 
netHl has not been stifflclently recognized for science students. 

"^Two classes of Imm)Us shot! Id he provIdtKl by the school : 

(а) Hooks dealing with scientific subjects In a general way — e. g„ bi- 

ographies and books on the history of science and discovery; books' 
of travel and well-written popular w^orks on science audita applica- 
tions. These books should form part of the general school library 
and be available for the whole school, some being selected as spe- 
cially suitable for the younger boys. 

(б) Advanced textbooks, works of reference, and some of the very useful 

reprints classical scientific papers of all nations. 'Hiis class of 
works Is lntende<l for the use of senior boys and of masters. Some of 
these books might be kept in the laboratory, so as to be readily 
available for immediate reference^ . . 


J 

i 



46 


NATURAL SCIENCE TEACHING IN GREAT BRITAIN, 


An adequate RUin for the maintenanct^ of Uie school library should In nil 
rnKes be provided In the annual eatlnmtes. Such provision, where made. Is 
often liwuffloient. esix'cinlly In ftront-eornlnK fiehooh^^ 

But It iB jiot enough to provide fhe1)ook8. The science niustera should imike 
It tlieir. business to encourage boys to read, and to direct Uielr atteiUlou to ilie 
books *\vhich are luosi suitable for them. Lists of Itoolis appropriate for buys 
of different ages might he put up In the laboraio^ or lecture room. 

Sections 83, 84, 85, and 8G deal with scientific education in tiie 
intermediate and secomlarv schools of Scotland. The ob.^ervat ion- 
made with regard to the position of science in Kiiglish schools gen- 
erally hold good in that couiiUy also. 

SCIENCE IN ELEMENTABY SCHOOLS. 

87. In secondary eilu<‘firlon wo have recognized two sragos — a period of gen- 
eral education ami the singe of sptvbilizailon. The elementary schools pitipm* 
should, from their esstmtlal nalurt*, never reach the si'cond of these i)erioils. 
whidi belongs t»» the scho-)Is of the stM-ondary grade, to CHiutmmtbm chnsses, and 
to t»'chiilcal schools. The elementary school, however, serves as a preparntbta 
for these Huhsequent stages, and both In Its own character as providing getn rai 
education and alsf) in Us function as a preparatory school it should Include In 
Its curriculum the teaching of s<*lence in a simple ami suitable form. 'I'his 
should normally Include uatui'C study, and should be suiiplcinonted by Instruc- 
tion In elementary pracileal w*ork of the kind described in .smThm 40, taken hi 
connection wltli the teaching of arithmetic and handwork. With regard to the 
time to be allotted to this subJ(H‘t we should not wish to lay down any hard and 
fast rule, but we suggest that two perlcHls a week would be appropriate. 

88. The foregoing remarks apply to the ordinary ejeuientary schools as at 
present constituted, from which exemption may, la too many cases, he ohtalnetl 
at 13 dr even little mere than 12. If, however, the minimum leaving age is 
raised without exct'ptlou 14, as seems probable, steps will have to he taken 
speedily to prevent the marking of time which even now occurs t<M> fre<iuentiy 
In the.s*?venth and ex-stwenth standards. In many schools provision will Iiove 
to be made for more advanced work, and consequently Instruction In science 
will have, to be carried to a higher stage. From a mnnher of syllabuses which 
have been submlttetl to us» It 1s evident that under existing comlltlons In some 
elementary schools, esp(»clally where many of the boys stay till 14, a master 
with exceptioual character and qualhlcallon.s can give an amount of science 
teaching which may l>e of great value. Where such tetichlng exists, It is 
generally found in close connection with Uie practical work in the school 
curriculum, such as gardening or manual Insfructlon, and Is sometimes related 
to a particular local Industry. Work of this comparatively advanced nature 
Is at *present couflne<l to some tl>ree or four hundred out of a total of about 
24.000 elementary deportments for children other than infants In England mid 
Wales. Though some of these are detlnltely organized us higher elementary 
and central schools, where the children stay till 15, nevertheless given pie same 
quality., of teachers, a good deal of what Is being done in such schools can be 
done in other schools If the children are retained in sufficient numbers till 14 
and are trained according to the full measure of their abilities. Those who 
pass from the elementary to the secondary schools should, for the most part, 
have beea transferred by the time they are ^ and not come under our 
consideration In this section. .. 
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80. It Is to the general education and training of the teachers that we would 
look for tJic necessary Improvement of the teaching of nature study In elemen- 
tary schools and for the development of a further course of science, which may 
pn-pure pupils for more advanced work In the continuation and technical, 
schools. The preliminary education of teuchers will now, to a veryy great 
extent, be given In grant-earning secondary schools, • where the board of 
education require a four years' course In science and where almost all future 
toirhers will have to .'ii)end flve years. None of these should, therefore, he 
wliully Ignorant of science, ami many of . them will in future, It Is liopiMl, tnke 
science us one of their subjects nt the training college. We consider .that 
where candidates for tlie [trellinlnary certllicate oxamiiiatlon for t'ntniuco to a 
tntinlng college can not produce evidence that tln^.v have token a course of 
Rcietice In a secondary school they should he retpilrtHl to present science as one 
of tiieir subjects In tig* examination. It Is not easy to exaggerate the Ini- 
IMirtimce of some sdentltlc knowUslge for all teachers, for it enahlcp them to 
link up their dally lessons with tho facts witli which all children, In town and 
ntimtry alike, are In natural nnd continual centact. 

1'lie neces.slty for obtaining new ttmehers for olenientnry Hcho<ds from all 
nvailnitie sourc(‘s will, howewer. for some time to come prevent their previous 
(Mlneation frftm being so uniform <tr so satisfactory ns thfft' to which we have 
referred. It will also he lUMvssary to provide si>ecial Iii8tru(rth»n for those 
wdio have been country puplMenriters In districts remote from secondary 
schools nr pupll-tenehers ceiiti'rs nnd for those who eiit(*r the profes-Mlon 
nieiely by jmsslng exandnutlons In which science Is not at present Included. 

In 1904 in nil t mining colleges science hocume n Compulsory subject for every 
.-indent, and special grants were given f<»r It. KvCry Cfdloge was obliged to 
h;ive a widl-e<piipp(al laboratory, and In coiis^Hpienct* of tliis icgulutlon adequate 
hihoratorv jbcconnnodatlon is available. The theory of training In those days 
was tliat every student should be liUtsl to temh every subject In the ordinary 
curriculum of an elcmentnry school, in 1013, liowever, at the request of the 
trainlug colleges the regiilatlons were altered .so us to allow students to lake 
fewer snlijects and to carry tln»s(‘ .seltH'ted to a nu.ro advanctsl stage. It thus 
Iiecaim? possible for a student (<» omit schmee alttigetlier, 


*«•**•* 

It l.s extremely def?lrnhlc tluU there §^umUl he a much larger nmnlwr of 
h'lichers in elementary school.s (pialltic<l to give Instruction in science, and that 
'all po.-<slhIe steps should he taken to Increase the siip])Iy. 


IHt. In the general w*ork of the training coIIeg(*s th(*rc has Is'cn n great Improve- 
ineiu during tlie lust 10 years, but the evidence Is^fore \is IihuIs us to believe 
that the standard of acquirenieiit In^elementary science Is at present very' low, 
and that, In general, attentj(m '“ought to l>e glyeu to tho aubject of s<'lence. 
There arc probably not many studtMita passing out of the training colh'gcs wli4». 
without further Instruction in science, would I)c qiialllled to carry the teaching 
of the subject very much beyond wimt Is now usually given In an ehmientary 
school ; a coasldorabk* nuiuher of the teachers would not be capable of even 
this amount. With the existing tvnehers It Is most undesirable that any 
uniform curriculum of science should be lntro<liiced Into the schools. But a 
great deal of useful training can be effected by s[M^clal classes and short 
courses, more especially at agricultural colleges, farm Institutes (when de- 
veloped), and universities. We may draw attention to the value of allowing 
lecturers who have conducted clasps for touchers to follow iijlHhe resulh< of 
their Instruction by subsequent visits to the schools where their stiidenl.s* are 
teaching. Improvement iu the scleutiflc quullflcntlons of teachers generally Is 
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of spet'ilil Importance, as wo think It I r highly desirable that the. work In every 
R<’hooI should, If possible, be In the hands of a number of the regular staff, 
am! we strongly deprecate the employineiit of peripatetic teachers, aa anything 
h\it-a ton)i>orary expe<llent 

t»I, A certain number of the c<)uncll schools of the larger towns are provided 
with laboratories, but even wliero these, have !>een l)\illt some of them have 
never t>een ednlppfxl, nml the use of others Is teinponirlly suspended, owing to 
srallini: d I thou I ties during t lie war/ We have, however, no doubt that It will 
.he soon found necessary to add to their miniber. 

In the smaller towns and in c'onntry districts a less ambitions provision will 
probably serve the iiee<la of the elementary toucher. It b extremely desirable 
timt in every. school tliere slioiihl he a large room with Hat taVHes and r suppU* 
of water (and, where poHsit)Ie. gas ami electric light), which sliould be availabh* 
for tiie genenil use of the svhool and not restricted to the dally Instruction nf 
(uu* (‘lass. Sm‘h a ronin In rural schools can he, ami often is, iisimI for manual 
I list met ion nnd cookery. With tliese euhjocts simple schmcc teaching can 
usi'fnlly lie linked. 

So far ns mitiire study Is com-erned. tin* school garden is an invaluahic :ni 
.hinct, and, grtMit as tlie inerea.se in the nmnliers of gardens has been even hoime 
tiK* war. It is desiinhle that fnnlier provision should t»e made wherever t.nni- 
IH'tent teachers ean be se<urcsl. Indeed, It is hardly i>osslhle to overestimate the 
extejil to whh'ti the various forms of practical w*ork now obtaining in the 
scluMds may be mnde to serve the etuis of tin* teaeher of science, 'Metlunis of 
measurement may be applied to, and elementary sdentltlc comei)rlonH derutd 
froju exercises in woodwork, simple metal work, gardening, and nitkery: ihu'; 
tin* science tCiichlug, gardening, drawing, and other branclus of tmndwniU 
may help each otlier. » v 

'rite li(>i>e now at hist to be reallztMl of giving a longer school life to iiA* 
cblldnMi in the eleiueuiary sc.diool increases the importance of securing teaciilf>< 
jffiil eondltloiiH tluil will enable giKul and full use to be made of the time thus 
redeemed. 




ICAL EDUCATION. 


?« ^ 






• nS/Tlie terms of onr rWercnco ajipoar to ns to indicate that while w«» should 
no iKoans neglect the iinporlant subject of t(H.I>nlcal education, at tin* same 
tlm^ we were not exix'Ch*d to lustltutc any very prolonged or dotalhul Impiiry 
Into Its present conditions or its ImnuMlIjiti? nec(ls. Technical elucatloii in lui^ 
cotThtrywaa a»st conspHdatetl, and to u large* extent orgnniml, under llic 
technical instruction net of 18 S!). Pnrtly in coiv.*»equence of this the term him 
come Jto be often used loosely, ns including all the work lu commercial ami* 
literary as‘wt*ll scientific ami Indiisirlal snhji^'ts tlint Is done lu tehlitih::l 
Institutes and evening schools throughout Kiigland tpui Wales* We are not ("U 
cenied with technical (Mucatlon In this wider sense, biit 4 >fily with tht^t part nf 
R Ihto which scleiicc eaters. T^ils will- Inclnde work in* pure science aVd In In 
^ liustrlal subjects, s‘twh as mgine<»rlng, mining, building, which depend on\appIied 
'scienc^lnstriiction In throe subject.^ Is given both In tj^e technological 'depart 
ments of the universities and In technical scluwls aided, under the regulntlotis nf 
‘.Uie Bqgi;4 of Education. 

6y fkir the largest number of students receiving “technical education''* 
of one kind or another are to be found as part-time students in ev^lng and 
si|uilar schools wWjfch provide Instractlon mainly 7or those engaged in Pdijie 
wage^rnln^^KTuj&tiou. qj|:ie;c1uj^sefl conducted in ^ese ^Qols “ y4ry wld^y 
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III cl) :i footer and scope, for th<^ range from the small and nnanibitlous continim- 
tloTi clnafie^ of a rtiral Bchool to the highly speclalizeil work done In the best 
, «*<iiiip|KHl of the technical C(»lleg*‘s.” Tlie number of boys and men who attended 
evening schools at any during the year 1912-13 was 467,240, of v.liom 

IbLMNU were under 16 years of ago and 305,239 were 16 and over. It Is, liow- 
ever. not possible to determine what proportion of tl»e total jmmber nttemle<l 
clns<t‘s In science anti related subjects, and 54,800 classes In subjects Into wlileh 
ing. mining, building, which deiiend upon applied science. The statistics pnh- 
lishcd by the boartl of education show that there w*ere 'approximately 36,tHK) 
ria-scs In Kcience ami related subjects, and 54,000 classes in fnlijects into wliich 
>.riciKc does not enter. J.^nfortuimtely they do not show either tlie nmnltor or 
the :tgc-range or the sex of the pupils who attemled the classes In the several 
Milijrcts VnnniorattHl In the returns. It should be observed, how^ever, tliut in 
rstiaiiUliig the number of hoys over 16 and men receiving Instruction In sciciH'e 
and technology u \cry considenibio dt‘<Iuctl(>u rmi.st lie made from tlio total nnni- 
ber— 30.^239 quoted above — to nllow for (1) those pupils wlio attended classrs 
oxrlnsivcly- In ctnnniercliil. literary, and other nonscientinc subjects, and (ii) 
who failed to attend •for the minimum period of 14 hours in the 
wliii’h is necessary to qualify for grant. The statistics avajlable do not permit 
of our making anything but a rough guess a.s to whti4 fle<luctlon should l>e mnfb* 
in Tcspeet of the pupils falling under these bonds ; but we should not lie sur’ 
prisoii If It amounted to soinerhlng like 40 per cent of the wliole number. In 
1911 tiu* total male population of Kngbind and Wales belwecn the ng(*s of 10 
and 2-1 was 2,500,000. If th< estimate of 180,000' males of 10 years of age and 
ttvi'r, taking seience and relateil stibjods In evening schools, Is accepted, lliis 
nu'jiiis that only 7 per cent of the unde population of tlu'se ages was receiving 
Inst ru( lion of such chiirncter In these schools. ' • 

II mast he remembered that alt- ndance uf evening classes is voluntary, nnd 
'titai m.-uiy of the puidls concerm.i work for long hours in the daytime. Hut 
e\en If the numbers are unsatisfactory, there Is no doubt that thb instruction 
pr(t\i(UMl is of very great iuiiwtance, both to the stmbitds who riH’elve It and 
to rb(‘ nation as a w|)ole, since tIu? courses In qne.stlon funiis^h the only oppor- 
tunities nt present uvallablc to a coiwlderable body of students, most of tlu*m 
wage earners, of receiving aiwy InstrnctKm In science at all. 

9-1. We i>aas on to deal with a spfv’lal i>oint of groat Importance In any coy- 
sideraiion of toHmlcal education. It la soinotiines aupi>os4»d that technical edu- 
^ i-otion consistH In the umi)i of InktrilMlon in trade proeeSPes, :ind objectlou Is 
rnisi^i to such Instruciion beeanst' It thmight to be directed excluplv<dy 

‘toward liicreuRing uiimlpula live skill. It is wortli reinemlterlng that the tt'<‘h- 
iiieal instruction net of ]KS9 sih^I fiddly cxclmled teinddug In the practice of 
any trade or Indu*ttry, and dellned ttHhuIcal instruction as “Instruction In the 
iirinciples of scienee-'ohd art applicable to ibtlnstrles.” Although tto act was 
formally ro|>e;ded In lfl?5nts Influence has been t^tisldcrahle In detenmblng the 
ehimu’ter of the conrse iirovided ih leclmlcal ingtltutions which wdre established 
under the act and are still ^arri^l on by iiracdcally the same whicatlon authori- 
ties. It Is true tluit certain of the courses in. engineering providing trade instruc- 
tion for apprentices ami artisans in the special stibjecls of their tmde^to qmdo 
a pnrtlcuiar example), are Intended “prltnnrlly to help workers to a more in- 
lelllgtmt understanding of tliolr craft.” and that Instruction In them Is *’l)uso;l 
, on the operations and processes wfth which the etudents are familiar, mul Is imf* 
directed primarily toward Impiirting broad general principles,** But even yic o 
.courses (a) presupposes g^eral preparation In mathematics, drawing, sdeuce, 
1301D8V2Q 4 , . . , 
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an4. English; (6) are not Umlted to the processes and operations of the trade 
In which the student Is engaged, but are supplemented bj Instruction In calcula- 
tions and drawing and by practical work or demonstrations Further, It Is de 
sired and is Indeed to a large extent secured, that students wbo take a course of 
tills kind will proceed tb broader courses of study In which greater emphasis 
u lll be laid on tbe scientific bases of engineering. There can, we believe, be 
little doubt that the general trend of recent educational policy has been to 
emphasize two Important Ideas: (1) That vocational InstrucOon must be based 
on 11 foundation of general education, (11) that this vocational Work should so 
far as possible Include tnstructlon/fu the sclenUflc principles on whlcfi Industrial 
processes are based. 

Oo. Since this cODinilttee sit, two Important ddcnnientu have been 

Issued, the first being the report oftTie departmental committee on juvenile edu- 
enUon In relation to employment after the war, presided over by Mr. J. Herbert 
I.ewis, while the second Is tlie education bill Introduced by Mr. H. A. L. Fl.^^her 
111 the House of Commons on the 14th pf January, 1918, which proposes to ciirry 
Into effect many of the recommendations contained In the above-mentioned re- 
port. If the bill becomes ii law,‘ the age of compulsory whole-time attendani-e 
at school will be advanced to 14 without exception, and there will be further 
compulsory part-time attendance for 320 hours In the year up to the age of IS. 
It Is In connection with the education of adolescents so far us this Is given other 
wl.se than In secondary schools that the effects of the new bill will be mainly ’ 
felt. -The two main features of the change will be that the substitution of com- 
pulsory attendance up to tbe age of IS for voluntary attendance, and of day 
classes for evening clas.ses. The voluntary attendance lias frequently been 
neither regular, .nor sustained, ynder existing conditions 100 hours Is a fair 
record of attendances In the course of a year, whereas under the new comll- 
•tions every student will have to put In at least 320 hours attendance, and this, 
not In the evening after a full working day, but between the hours. of 8 a. ni. 
and 7 p. m. It la obvious that the increased and regular attendance and llie 
tranferente of Inatnictlon from the evening to the daytime will facilitate the 
or^nization of better and more coherent courses of work. We have not gone 
Into the question of Industrial conditions and are not prepared to say wlial 
arrangement of hours may be best, but from the educational point of view we 
hope that ultimately It may be jiosslblo to extend the requirement of attenilniice 
to 4S0 hoiwk ^'year, I. e., an average of 12 hours a week for 40 weeks. We nvog- 
niza- tn^teveh the proposals of the bill represent a step In advance and will |st- 

• 9 |^P;eat improvement In the poslllon of science in the educational sysU in. 

If th^, - arq i^dopted, there will ensue a wide recasting 'of - ayrangem^ts for 
schools oilier 'than full-time elementary and secondary Miools. We do fiot there- 
fore think. It ncocssairy to.consldcr existing types of school In detail. It Is 
obvious that the nhiount of education given to pupils between the ages of 13 and ' 
1,8 not OBly at elementary and continuation schools, but also at the existing 
mitral, higher elementary, trade. Junior technical, and secondary schools will 
he greatly IncroasAl. Many new schools of these and probably of various other 
1} lies will be created, many barriers will be broken down and the framework 
of our system will have to be kept very elastic and capable of efficient expnn- 
•Sion. In connection with technical education the questions that pr^ refer not 
so much to the place of science In the system of educaUoh as to the system 
Itself. We want clear paths by which every grade and type of talent may pass 
to the appropriate grade and type of usefulness, and that each may have on the 
Joum^ aU the^help that educatlo can nfford.^^ want also. that In the course 

' ' ‘ * ‘It Uw oii Aog. 8i itia. 
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of the prescribe period of school training, every yoath should have a real In- 
troHuctlon to healthy Interests other than tho<;e which are closely vocational. 

We trust .that one result of the revision of the educational system which Is now- 
contemplated will be to Increase greatly the numbers of pupils In whole-time 
day schools providing education higher than elementary, and that In the cur- 
ricula of such schools there will be a full measure of Influences calculated to 
promote aptitude and liking for occupaildns In or related to Industrial applica- 
tions of science. With such a spirit In the work of day schools there would be a 
nmterial Increase In the supply of students qualified for blather study and^lnvestl- 
gation in pure science or for more advanced technical education, as provide<l 
In the higher technical Institutions and- in the sclentlflc departments of uni- 
versities. The standard and the results of the higher teaching of science In 
relation to Its application In Industries depend very largely upon the pr^aration 
and the numbers of stmlents iValiable for that stage of work. Accordingly, the 
crux of the situation Is the nature and prevalence of education of secondary grade, 

• • • • • • • 

90. We shall now deal with a number of points to which our attention has been 
spe<dally directed In the course of our Inquiry. 

(I) Teachers, — (a) It Is essential In technical as In other schools that there 
should be a considerable raising of the status and remuneration of whole-time 
teachers, and~that this Improvement should include a national scheme of adequate 
pensions. This Is necessary, If only to increase the supply of educated and effi- 
ciently trained teachers of science and industrtal subjtH^ts In technical schools, 
ami the necessity^ls increastxl by the facWflmt the present teachers _as a whole 
have no share In the supplementary grants made by Parliament to elementary 
^nd secondary schools, (b) It Is clearly desirable that In ttH-bnlcal Institutions 
there should be a sufficient staff of teachers with time enough for the preparatl^i 
of their w*ork and the organization of the laboratory and for In^g^dug up their 
kno\vle<lge of their subject in all its bearings, rrinciiml and hemls of deptrrt- 
ments will naturally neetl enough time for some teaching na well as administra- 
tive work and organization, (c) All teachers should receive from competent 
and juiequately paid laboratory assistants as much help as ihw need, (d) 
Teachers who are^sulted for undertaking research should have time and facilities 
p aced at their dls|x>sal. (e) AVIth regard to the quallflcatlons and training 
of touchers. It Is to be noted that in Junior technical schools It has been required 
thid a reasonable proportion of the teaching staff. should have had professional 
or i»ractical trade experience of the occupations for which the school furnishes a 
preparation. It Is most necessib’ that teachers of certain subjects should 
had some works experience, wjjich should be renewed under special arrange- 
inentR from time to time, and, Indeed, *\n Increased closeness of relation between 
touchers and the workshops Is much needed on both sides. (/) It Is no leas 
desirable that teachers In certain subjects, such as engineering and mining, 
should be aftowed to undertake consultative work under reasonable but liberal 
limitations.' (p) For teachers in technical Institutions, as for all other teachers, 

* short courses of tralning are certainly needed. (A) Lastly, we would note that 
the provision of an organized sUffof l^mpetent teachers for technical schools la 
likely to be facilitated when, the result of the requirements of the education 
1)111, mdny teachers wUio are now confined to evening work will have an opp»>r- 
I unity of taking classes In the daytime ; for this will mean that the technical In- 
stitutions .win have at their disposal a full-time staff Instead of having to rely 
so largely, as at present, on part-time teachers. ^ 

(II) (Coordination between gm4ei of echoole and in9iUution$.—li la desirable 
\ thab Ih each .educational area there ^ould eff^JLve personal conference 

M . between thOM reeponslbie for 'amnglng the curricula of dffTerent tyi^ of iiisti-* 
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tutloM; such personal Intercourse between the heeds of tJie local schools-and 
coilegw !s essential to secure that students passinf? from^one type of school to 
another may, on the one hand, find themsalTes adequately prepared, and may not, 
on the other, be compelled to lose time by traversing unnecessarily for a second 
time ground already covered. It will be necessary also to guard against work of a 
secondary grade, such as prep^Uon for matriculation tests being undertaken 
by whole-time day colleges. 

• • • • « • * 

( IV ) r^ffth of session.— A considerable aniount of valuable time is at present 
lost by the tradlUonal practice of closing technical schools about Easter and not 
reopening them until the autumn. It would be well to require the large Insti- 
uites, at any rate, to provide some InstrucUon for 40 weeks In each year, and * 
there seems to be no reason why this requirement should not at once b^ Intro- 
duced Into the regulations of the board of education. 

(V) Building$ and equipment— In certain districts the existing accommodn- 
tlon In technical schools (even In some which ought to be “local colleges”) i.s 
very Inadi^quate and their equipment Is unsatisfactory. If the new bill is 
passed and the system of compulsory continuation classes Is established, tliore 
Is no doubt that new buildings for such classes will ultimately have to be pro- 
vided. Again, we may reasonably anticipate a great additional development of 
higher technical Instruction, as the result of the better pr^>arRtlOD of pupils 
whose school education now ceases at or before 14. a^rs'wlll mean that In tho 
not distant future new Institutes will have to be built and many of the exl?;ting 
bill dings enlargetl and Improved. 

( VI) Z/ibraric*.— It !s Important that provlsdon should be made for sec-urint; 
and maintaining small supplies of the more expensive b<H)ks on technical subjects 
for lending to members of the advanced classes. Where the students of a technical 
school have a<wsa to n public librao* It would be an advantage If the authorlti<*s 
of the school could keep in communication wUh the selection committee of the 
library. 

(VII) Representation of industries.— The trades, Industries, and professlojis 
which particularly depend upon ripplled science Imve, or ought to have, the 
de«*i>»*st concern in the organization and development <»f technical education. It 
is most esBi'nUnl therefore tliat the counsel both'of employers- and of repre-' 
seiitativ^ of labor should be avullnble either on the governing bodies or on 
advisory committees or otherwI.se;' For the larger Institutes it would be vory 
desirabje to Include representatives of the unlversitle^und more partlcuiariy of 
tholr technological departments. ^ 

(VIII) Pure science.— It has been stated lo us in a memorandum Rubmlttod 
by the Association of Teachers In Technical Institutions that, in their opinion, the 
amount of Instruction In pure science given In technical schools dlminlshwl In 
rei'ent years. ‘Much, however,, of the work which was formerly Included under 
the heading of separate science subjects, and appimred as such In the board of 
«lucatIon statlsUcs, Is now taken In the first year's course of one or other of 
tlip Industrial subjects, so that the diminution In the amount ^Jpstructlon In 
pure admee la more |pparent than real. 






we have further been Informed that there la little difficulty In arranging for 
inatmetion In pure science In full-time day t^hnlcal institutions with a course 
extending over two or thi'ee years; but that in certain at the part-time courses 
dlfficultl«8 have arisen owing to lack of time, to the InsuAcIg^^revIous knowl- 
^ge of tbeiatudeut^ and to the necessity for sbowing the Immolate pnicticnt 
appllcatimi of every bit of knowledge gained. For the removal of these defm^ 
mu^ Joolt to the wide ^t^ston at education of a secondary grade and to the 
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provision of a system of compulsory continued edncation, to which we have 
alro«dy referred. 

\Vc desire to'add that the provision of adequate opportunities for Instruction 
in pure science In technical Institutions is of great Importance, quite apart from 
tin* fact that such Instrucfton Is a necessary preliminary to more specialized 
ttrlmicai work. It must be remembered that even in large towns the oppor- 
imiitles afforded by technical Institutions are often the only opportunities avall- 
;iMt‘ to a large section of the population for obtaining Instruction In science. 

• • • • * • * • 

I X ) Junior technical schools, — Junior technical sch(»ol8 do not at present play 
n very Important part In our educational scheme. There were In 1914 only 49 
in (he whole of England. Most of these were In London, Lancashire, and York- 
'iliiro; very few had more than 100 pupils. It is only now that Birmingham is 
innking arrangement to open one. 

The distinguishing features of theBe schools are: 

(I) Tlic schools are normally planned to provide for the education foi 
two or three years, up to the age of about 16, of pupils leaving the 
elementary school At the age of 13 or 14. 

(II) The parents of pupils have to give a certlflcnte that the pupil is In- 
tending to entft- Into employment for which the school provides 
preparation. The recognition of a school will not be continued 
unless, as'a rule, the pupils enter Into the employment for w*hlch 
the schot>l provides a preparation. 

(III) A reasonable proportion of the staff must have had practical trude 

rxperienw of occupations for which thT* school prepares. 

(IV) Pnu iical work Is given a prominent place. 

(V) Each cotir.se must ta? organized to cover not less than two and not 
more than three years. 

(VI) No language other tlmn English Is approved unless for vcK-ational 
purjKtses. ^ 

The oli^t of the.S4‘ schools st‘ems to he to bridge over the gap betwetm the 
eleiaontury whoois and the practical work of n skllletl trade; to give, 
in fact, ^ome mlncnrion to and develop the Intelligence of those who mlgiit 
oiherwlse* si>eiul a year or two as errand l>oya. Instruction Is provldwl In 
English, mathenmtlcs, sclent'e (mainly physics and mechanics), technical draw- 
ing (Including praetleal geometry), and the use of various kinds of tiK>b , 
ilnit when approntlccsblp Is entere<l on more rapid progress can be made and 
a. more Intelligent craftsman and a better citizen produced. The curriculum 
is devlseil for boys passing Into the cnglnei^rlng and building, but not Into’ 
other trades. The few technical scliools for girls provide- t-tairses In trade 
dreMsinaklng, laundry work, etc., and are more strictly trade schools. 

It has been 8uggcste6|b>' the eotmnittee api>olnto(l by the council of the 
Nnvtheast Coa*-! Instltu^n of Euglm*ers and Shipbuilders that much greater 
n e should be made of Junior technical schools In preapprentlceahlp education. 
They consider that Junior day technical schools should be established to pro- 
\ tde a 'two or three years’ course for boys up to* Hte age of apprentICealilp. 
Ti'osimctive shipbuilding and engineering appreattlces should be drafted from 
the ordinary clas or of the public elomeutary schools Into these schools for the 
three years’ course. . • - 

In considering the future of junior technical schools the first difficulty that 
confronts us Is that of the name. By it Is suggeated a school leading up to 
the senior technical schools. So fat la this from being the case* that the 
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nlc&l 8c)loU if they are Intended ultimately to puss on to more advanced 
<ull-tlme technical coursea The reason given for this is that it is not poa- 
Bible to provide a curriculum that is suitable both for the boy who is passing 
dlrect’y to Industry and for the boy who Is to continue ids education. 

Another point is that the present regulations exclude froni the school all 
* lM>y8 .proceeding to an Industry that is not the local Industry. This seems 
unnecessarily to limit the sphere of Influence of such schools, especially lu tlie 
smaller towna- 

It is unlikely that the general education offered by tltese schools will ;>e 
satisfactory unless it is inspected by the Inspectors who deal with the secondary 
schot^ls and know what can be done there. In the same way, some of the 
science work of the secondary schools tnay gain by the Inspectors being fa 
miliar with the more practical Instruction of the junior technical schools. 
The present system of water-tight partitions between the two brandies of Uie 
Insf^ectdrate seems to us undesirable. 

We think, as we have already said, that there Is room in our scheme of 
education for those between the age of 12 and 16 for schools where no for- 
eign language should be compulsory and where a definite bias should be given 
toward practical education In connection with science and mathematics, but 
we see no reason why these schools should not be regarde<l as part of onr 
secondary system, even when their practical work is organized with a view 
to the predominant Industry of a nelghborhod. 

We recommend that Junior teciinlcal schools should be strengthcuied ami 
developed Into such a form* of secondary school, retaining some of their dis- 
tinctive features, e. g„ that a rensonable proportion of the staff muKt have 
had practical trade experience of occupations for which the school prepareti. 
We must. repeat our insistence on the need of making the teaching of Englisii 
esiieclHlly efficient where no foreign language is taught. lu small towns wIum j 
there is room for only one secondary school, opportunities for learning one (or 
eign language should be provl^pli^ i 

97. In dealing with the education given In Iimtltutlons other than elementary 
mid se<k>ndary schools, we have endeavored to ket'p In mind the two functions 
which such institutions may be (-ailed upon to fulfill: (I) The provision of 
courses of Instruction designed to encournge a more intelligent appreciation 
of the scientific bases of indudry In Its various forms, and so to promote in- 
dustrial efficiency; (11) the provlshm of part time continued education in tin* 
wider sense for those whose full time Instruction ceased at 14 or 16. Thcri? 
is reason to think that the need for a wider diffusion of scientific and techni- 
cal education is not sufficiently realized by many of those engaged In industry. 
We do not propose to argue the matter on general grounds, but we desire 
to refer in this connection to the Whitley report on Joint standing industriiit 
councils, a report which has been recently adopted by the Government and 
has an Important bearing on the question. In paragraph 16 of this report it 
is stated that “among the questions with which It is suggested that (he 
national councils should deal or allocate district councils or, works commlUet^s, 
the following may be selected for special mention : 

(vil) Technical education and training, 

(viil) Industrial research and the full utilization of its results. 

(lx) The provision of facilities for the full consideration and utilization 
of .inventions and Improvements designed l»y workpeople, and Tor 
the adequate Kafeguardlng of the rights of designers of sucli 
Improvoments. 
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(x) Improvements of processes, machinery, and organization and appro- 
priate questions relating to mnnagement and the examination of 
industrial experiments, with special reference to cooperation In 
carrying new Ideas Into effect, and full consideration of the work- 
people’s point of view in relation to them,** 

We submit that there can be no Intelligent consideration of such matters 
In the national or district councils or In the \v*rks committees, by employers 
or employed, except on a basis of scientific and technical knowledge. Works* 
experience Is valuable alTd, Indeed, indispensable, but it Is not by Itself suf- 
tloient. 

It is not to be expected that all ‘ tho.m engaged In an Industry, or even all 
those directly responsible for Its njanagerant, should have received the traln- 
fng which Is ea^entlal for scientific advises and technical experts, but it Is 
Idle to suppose that questions concerning Industrial research, the utilization 
of Ijpventlons or Improvements In processes, mflchinery, and organization, which 
may vitally affect the well-being of an Industry and the prosperity of tho^e 
engaged In it, can usefully be discussed In the absence of some degree of sci- 
entific and technical knowledge. 

If the intention is to bring about a fuller cooperation between employers 
and employed and to give the employees a voice In the management of In- 
dustrial concerns, there must be on the part of both employers and employeil 
a more general understanding of Industrial problems in their scientific aspects, 
and this can only be obtained through a more effective system of technical ns 
well as general education. * 


9^1. No profeaslon Is more effected by the way natural science Is taught 
In schools than that of mtHllcInc; for medical science indirectly based on a 
knowledge of chemistry, pliyslcs, and biology. We have, therefore, conslderetl 
In some detail the steps by which a student enters the medical professlchi and 
the educatlonni course he pursues up to the first professional examination, 
which admits him to the more directly vocational studies of human anatomy 
and physiology. 

99. AdmUsion examinations . — II Is the business of the General Medical 
Council, through tliclr education coimnlttee, to prepare a list of examining 
iHHlies whose exaniiuntlons fulfill the conditions they have laid down for en- 
trance Into the medical profession. 

The examinations which the council have accepted may be classed under 
the following headings: (1) Examinations for university degrees in art*^ imd 
sciences; (2) examinations accepted by the universities ^or matriculation In 
;irtn, science, and medicine, such as the Ixmdon matri^latlon, senior local 
('xamlnatlonB, etc.; (3) certain other examinations conducted by universities 
or other approved examining bodies; some of these are of a lower standard 
thiin those Included In the*fl two groups. ' 


Thus, roughly speaking, re are two standards for admission— a senior, 
which Is equivalent af least to a university matriculation examination, and 
a Junior, which is considerably lower. About 00 per'cimt of medical students 
register on certificates of senior standard and about 40 per cent on junior 
certificates. ^ - 

So Jar as the senlpr examinations are concerned^ they would be a satlsfAc- 
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ence subjects were oltere<l by the candidate, and If the teiiching of natund 
science were materially Improved in secondary schools. 

Our concern Is to find some substitute for the Junior certificates which will 
make it certain that the pupil has passed through an educational course lu the 
natural sciences. At present the>e Junior certificates are taken by boys \viu> 
either left school at about 16 for no very definite cause, or were too lazy ur 
loo Ignorant to pass the higher examinations, or who, perhaps on account ')f 
poverty, do not aim at a university course In me<liclrfe. 

These certificates demand no evidence of Instruction in natural science; 
they demand no certificate of attendance at any e<Uicatlonal course, whether 
Ht a secodary school or elsewhere. Trust Is placed solely In an examination 
’‘which calls for four subjects— English, mathematics, Latin, and an addi- 
tional language, classical or modern.” 

Now, IL Is obvious that any such method of entering the medical profession 
must. suffer frpm two grave defects. Firstly, there Is no guaranty that the 
candidate for registration has received any Instcuctlon In natural science, the 
bedrock of his future vocation. Secondly, there Is no evidence to show that 
the candidate has gone through a coherent educational course In any of the 
subjects depanded; he may have been coached by some Institution which 
exists to instruct persons by letter, or by cramming classes, how to pns< ex- 
aminations 

We believe that these defects will be avoided by the adoption of the scheme 
oi a first school examination suitable for students of about 16 years of age. If 
the proposals we make elsewhere are miopted, they will secure that the pupil 
has itassed through a course of Instmctifnj In science before he presents himself 
for his examination, . , ' 

l(«r>. At present the General Medical Council profess not to registei a student 
unless he takes Latin as one of the subje<’t« In the linguistic group. But they 
accept, for registration the matriculation examinations of the universities of 
London, LlvenxH)!, I>eetis, Sheffield, and Birmingham, although Latin Is not a 
compulsory subject In nr\y of them. Thus, a student at any of those universi- 
ties may pass on to the highest me<llcal qunllflcatlons without showing that he 
Im.s ever learned n word of Latin. Moreover, n pupil In a grnnt-earnlng sm’- 
ondnry school where lyfltiu Is not taught can enter the medical profession 
through any of these univereities, hut not by any other portal. 

We consider that, after the door hn.s already been opened In this way. It Is 
too late to attempt to retain I^atln ns nn ohllgntory subject In the examination 
for entrance to the me<llcid profession. 

The first scliool certificate should demand a knowle<lge of English, languages, 
mathematics, nnlural science (set' stx*. 35). Within these divisions the choice 
of subjects should he free. This will enable othei-wlse suitable pupils In sec- 
ondary schools where l^tlii Is not taught to enter the medical profession'*. 

We ar6 strongly of opinion tliat the first school examination, with the modifi- 
cation We have suggesteil, should be accepted nS'evldence of general education 
sufficient to admit a student to professional Instruction, hut something more 
than a simple pass should be required. When a candidate has only obtalne<l a 
simple pQBsgye suggest that he should be alloweil to enter on the study of medi- 
cine by passing the second school examination. The prospective student, who 
may never have entered for the first school examination, must be offered some 
Buch portal to the medical profession. Thus, boys or girls who through acci- 
d^t, iaBlfi^ or slow development have failed to reach an adequate standard 
in the first examination can t^trleve their position by passing a higher exaoU- 
tiutloD, Exceptional case^H^ g), a boy educated abroad— must be met*^y 
ll^al . mmlnatioa. 
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101. The science course and its relation to the first professional easanUnaUon , — 

The first professional examination passed by tbe medical student after entry at 
a university or medical school comprises chemistry, physics, and biology. Chem- 
istry and physics are now Included In the curricula of the great majority of 
secondary schools for boys, and In many a?condary schools In which boys stay 
up to the age of 18 opportunities are afforded fbr comparatively advanced work 
in these subjects. This fact, together with the growth of technical Institutions 
tn no Vay affiliated to schools of medicine, led the College of Physicians to sug- 
gest that some part of this i^erlod should be nniuted as medical study, although 
it might have been si>ent at a secondary sclmol (>r'an equivalent Instltutictn. 

1*Iie General Medical Council now accept a cert :i in proportion of the' time aynmi ^ 

in the study of the basic sciences at properly equipped ai^ lnspecte<I sch(M>ls ns 
iuirt of the medical course. 

It Is necessary for us to consider the bearing of such a policy oto the teaching 
of natural science. The unanimous opinion of the witnesses wlio came before 
\\< was In favor of Improving the facilities for Instruction In chemistry and 
pliysics during the last two years spent In a secondary school. In the opitilon 
of Dr. Norman Moore, who has visited over 70 schools as an Inspector for the 
conjoint board of the Royal College of Physicians and Surgeons, chemistry,, 
physics, and biology should be Included In the secondary course taken by pupils 
intending td enter the medical profession ; if a boy left school Ignorant ef the ^ 
basic sciences, be could not find sufficient time to learn Ihem thoroughly within 
tin* crowded curriculum of a hum! leal student. In bis experience as an lnspt»ctoi* 
the quality of the science work and the character of the e<pilpn>ent varied in 
the different schools, but In tlie best schools It was excellent His view was 
timt the teaching and lime giveli to the .stmly of these sciences at the secondary 
seiutol should be such ns to make it unnecessary to devote any part of the time 
spent at the university or the ine<llcfll schmtl to the preliminary stndy of these 
liiistc sciences. 

This was also emphasIztHl by the lecturer on physiology at the Tendon School * 

of Me<Uclne for Women, who iM>intert out that many women students crammeil 

up the work for the first professional ^examination In one year, and had not 
afqulred any real knowle<lge of chemistry, physics, or bloU»g>* ; nn»reoveT, the 
aitempt to pass examinations In this manner placed a considerable strain on 
wmneii students, particularly on those whose previous training In mathematlca 
and physics had not reached a sufficient level. ' 

Thus we are strongly of opinion that after the conclusion of the general 

course, physics, cliemistry, uUd some systematic Instruction In the nature of . 
plant and animal life should form a serious part of the school curriculum of all 
cuudidates for the medical professlon.^Wc do not think 1t advisable that such 
pupils should lx* put into a class by themselves, ns we l>elleve that It would he 
^ imssible so to improve the teaching of natural science In the last two years at 
a secondary school that candidates for the medical profession would enter on 
their vocationnl studies vastly better equipped than they are at pn»sent. 

We are of opinion that boys who have taken physics and chemistry In their 
Wvst school examination and then pass on to some blolo^cnl study should carry 
on physics and chemistry to a still higher standard ; we are strongly opposed to 
their marking time In Uiese subjects. This additional knowledge will be of the 
greatest value when they enter on the study of physiology. Lack of such 
knowledge Is one of the great^t difficulties to which the medical student and 
young practitioner are exposed In the higher grades of their professional work. 

102. In some schools these preliminary subjects of the medical course are 

admirably taught. The pupU leavwschoolat a^ut 18 with a gopcl knpwletlge . of ; . 

ohemli^ and ca and son^Umes even . with a groundwork in blolo^k . Now . ; ^ ^ 
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the first professional examlnatloD asnolly consists of two groups of subjects 
(A, physics and chemistry, and B, biology), which mny be passed separately. 
The evidence brought before us exhibits a sharp difference of oplnlou as to 
whether the pupil should be allowed to pass any part of this first profosslonul 
examination before entering a medical school or university. Tlie majority of 
the witnesses favored such a course. At some universities a me<lical student, 
however good his previous education in science may have been, Is conipellwl to 
. spend a year In the elementary study of the basic sciences. Other universities, 
Including CambrldRe, now permit a student to enter for the first professlniuil 
examination, taking some or all of the subjects on beginning his studies. The 
regius professor of physics at Cambridge Informed us that there had luvn a 
considerable rise of standard since the change was made, A boy who la nisniiig 
at medicine naturally pays special aitosUlon to science In his later years :it 
school, and we see no ^cn8i^u why he should not be able to pass, at any rate, in 
chemistry and physics on entering his university or me<llcal school. He (mmiM 
then settle down quietly to the study of -auatomy and physiology without tlnit 
feeling of hurty and Insufilcienl preparation so often associated with tlie earlier 
years of profeaslonal study. Some of Uie teachers lit the medical schools are of 
opinion that a me<llcal bias should be given to the teaching of physics and chem- 
istry from the outset. But^suoh si>ecinl arrangements would he unn^yssary If 
students came to the medical school with a sound general knowledge of these 
sciences such a.s a secondary school shotdd be able to give in Its highest funiis. 
With this basis to start from, the universities would be able to give their stii- 
dent.s, in the first year of medical study and in dlnxt comu‘ctlon with their 
w(»rk in physiology, a more real insight Into, the numerous special applications 
of physios and chemistry to physiological problems than Is possible at present. 

103. The Juture suppijj of medical studciita, — So far there la no liiuterlul dif- 
ference In the i)rohlems connec^e<l witli Uie early education of men and wouhmi 
mwUcal students. But the question how to obtain Inllhe future suitable eamli- 
dates for the medl(!al profeaslon is governed hy different conditions In the two 
sexes, and these must be considered lndei>endently. 

With regard to the future sujiply of .men students. Sir Donald MaeAlisu i* 
stated that although there would undoubtedly be a shortage In the number of 
practitioners addeil to the register in 1918 and 1919, ‘he did not think this would 
be more than temporary. 

It Is, however, extremely difficult to discover the present sources of this sup- 
ply, ns far, at any rate, as Kngland is concerned. In Scotlnml it IS enmmou 
for boys of ability who have passed with credit through n secondary school t’o 
enter the medleal profession. In ICnglund, though their school Oilucutlon would 
fit them to do’so, very few boys enter as medical students from grunt-earning 
secondary schools. • * • 

We believe that several causes led to this preponderance of the schools wliicli 
do not receive a grant. The first is the expense of medical educatlou; however 
able a boy may be,*hl8 parents, if without capital, often prefer to train him for 
some occupation whore he will be securely provided for on graduation. The 
boy In a grant-earning school, though he might uiaUc an excellent practitioner 
of medicine, has often no one to guide him through the difficulties. which sur- 
round hie entry to the medical profession. If he enh^rs one of the universities . 
with a scholarship, he^may turn to meillolne ns the natural corollary to his 
* biological studies ; but he tends to be deterred by the cost and length of the 
education. 

Since war broke out there has been n great Influx of .women into the medical 
schoola It does oot seem; likely that this great rush will be. maintained under 
peace -condiUpas, but all, the evidence brought before ua shows that the multi- 
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pl^catlon of posts for women practitioners and the probable further Increase of 
Buch opportunities will attract a much larger, number of women into the pro- 
fession than before the war. 

The vast majority of women students come from the proprietary schools, the 
ichoids of the girls' public day school trust, or slinllnr ortranlzutlons. A num- 
ber of these are Inspected and receive grants. The majority of the prospertive 
8tu<Ients of medicine from these schcx)l8 enter by taking a matriculation exami- 
nation or one of the e(iul\uilent Oxford and Caml)rbli:e examinations. Now the 
way to some of these schools Is to any girl of sufficient ability to win a 
oMUity council scdiolarshlp, and once a pupil is In one of these secondary schools 
site can pass In the natural course of e<Iucat!on to any profession. But, as a 
nmtter of fact, It would appear tliat In England very few girls who have held a 
.a>unty council scholarship finally pass IntjO medicine. They are repelled by the 
cost of a medical e<lucatlon which, apart from living expenses, will certainly 
reach £250. Tliere are many women who would make excellent members of the 
medical profession, though, they can not face the expenses of a medical (xluca- 
tlon. A clever girl who has already shown her ability by passing tli^ examina- 
tions in science at her local university may not be able to persuade her panmts 
to go to the further expense of a medical training; they prefer lier to beglrf 
•arning her living at once. * ♦ • 


104, We are lndehto<l to the riiarnmceutlcal Society for a memorandum deal- 
ing with the course of training for j)han 4 iKists. 


The society makes the suggc^stlorrs — 

(o) *!That In place of the nmlflpllclty of certificates from various examining 
bodies now n>cognlzrd as evidence of general cKlucation, a State-i'ondnctetl or 
State-colU rolled examination should be instituted for which scliolurs at sec- 
ondary schools shr>uld present themselves at the age of about ItJ," 

The adoption of the first school examination (see sec, 35) and of the certlll- 
onto of general wlucatlon which It will provide would, we consider, meet the 
■ociety's requirements. 

(b) “That candidates for the qualifying examination should be required to 
undergo a systematic course of study In pure and applied science at an Institu- 
tion or Institutions properly equipped as regards both teachers and facilities:’* 

With regard to (ft), we see no reason why tlie society should not make It a 
condition of entry for the qualifying examination wlilch they conduct that candi- 
dates must have attended schools or Institutions approved for the purpose. For 
those pupils who began their apprenticeship before the age of 18 and without 
completing a full secondary school course or presenting themselves for tluj 
s(H'ond school examination It will be necessary to arrange that they should 
receive instruction both In pure and jn applied sclenca during and after their 
nppretlceshlp. There is a very considerable number of technical schools at 
which suitable courses In pure science are already available, and any defidoncy 
that may exist In panlculnr localities should be brought to the notice of the 
education authorities concerned. We suggest further tlWt when Intending 
pharmacists who have passed the first school examination oMaln further in- 
Ht ruction In the pure sciences by remaining for the period lO-ll at*® secomlary 
Bctiool, assuming it is suitably ttaJTed and equipped, and pass in these sciences 
in the second school examination, this should be accepted as satlsfactory^evidence 
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obtain the neceasary Instruction In applied science at approved technlc:il (»r 
other Institutions provldlnir classes In pharmaceutical subjects. We understand 
that the number of teclinical 'schools providing fulldlme or part-time Instruction 
In pharmaceutical science could without much difficulty be increased to 20 or 
more, 

ENaiNEEBIBCa. 

105. We now have to consider tl»e character of the secondary school curricuimn 
wliidi will be sultiil)le from 10-18 for hoys w lio Intend to bwume eiif^Incers, 
V hether they have a college course In view or not. 

As to this there is general agreement among the enginet*rs whom we consulted. 
It I.s common ground that up to 10 there should be no differentiation of the 
<-niTkuIurn for intending engIn(N*rs, but that l)oys of lC-18 who propos<» to pass 
on to II college or university course' should devote special attention to nmibe- 
inatlcs, mechiinics, 'mechanical drawing, jihysicy. ami to a less degree chemisiry. 
These subjects are regarded as <^senthil to the Interwork In englnet*riug science 
W'hfch will be done at the college or university, and If the work la them Is not 
carried to h fairly high standard (mathematics, for example, should certainly 
Include the calculus) the student will inevitably be himdlcapned In his university 
course. Our witnesses further agree that from 10-18 the education of the 
future engineer should not be confined to inatheniiitics and sclemi*. They lny 
great stress on the Imixtrtance of Kngllsh and the desirability of securing a 
working knowledge of one or two modern Inngung?'?. 

lOG. With these s\iggestlons we are In accord. In particular we would cm. 
pbasize the Importance of keeping up the general inlucutlon of the futiire en- 
gineer. Hoys at this stage nr^ nainrully and propt^ly nttracti^ by those snh- 
jects wlilch at)penr to them likely to Ite most useful later; there Is the more 
not'd for laying stre.ss on the parts of the w*ork which seem to them to stand 
outside their professlonril nee<ls. The ahsorhlng nature of the work tliat lies 
l>efore a young engineer when he first enters on his profession and the long 
hours which lie may liave to spent! In workshop or drawing office make it 
tllffintlt for him to devote much time to general reading. Mor^ver n llbeVnl 
etl unit Ion Is the more nect*ssnry for those who throoighout their proft'sslonal 
CflWx'rH w'lll comimially he culled uptui to tleal not only with machinery hut 
>vith men. Tlie Inst years at sch(X)I are thert»foreVf more tnoment for their 
general iMlncatlon than. they are for people In many other walks of life; the 
greatest care aliould be taken to use them to atlvimtpge. Even from t^e pro- 
fessional point of view It is essential that English' shopld he cuItlvato<l, for an 
engineer will be frequently called upon to explain to the layman the merits of 
any proposed undertaking, and It U essential that he should he able to do so in 
dear and Intelligible language. Further, engineering Is a world-wide occni);t- 
tUm, and an engineer can not bfford to neglect the engineering literature of other 
countries. There are,' therefore, ver/ obvious ajdvnntages in keeping up tlie 
study of motlern langung^ at school. ^ 

107. We would ^lrther point out that the broad foundations In mathematics 
and science on which Inter professional training must be based can best be laid 
during the years 16-18. A secondnry school course which In the suppose<l Inter- 
ests of technical and vocational study neglects these foundations in. order to 
find room for the more specialized training which It Is the proper function of 
.the engln^rlng college to provide, may be positively detrimental to the best 
Interests of the pupils. As things are* the universities are compelled to provide 
first-year! courses in mathematics and science, owing toithe Insumclent prepara- 
tion of many of the students who enter from schools, with the result thavtime 
availably for englnewlng edent^ proper Is unduly mtrtict^ 
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iVe do not think that It Is ne<*essary or even desirable to separate engineering 
!k»vs for all tJjelr work from the rest of tlie senior boys who are specializing In 
sriern^e with other alms Id view. Some modltioatioDs of their curriculum will 
bo tleslrable, e. g., more time for meilianlcal drawing and a somewhat different 
kind of work In mechanics; but the' common ground Is wide, and the boys could 
Hio tuuglu together in most of their subjects witli great udvmitage. The work 
111 engineering forms tends to be narrow ami empirical ; In advanced science 
fnmis it is often too abstract-and theoretical; eiudi kind of teaching would gain 
by contact with the other. 

loy. The question is often aakcHl whether it Is iie<;<'ssary or desirable to Include 
utirkshop instruction for future engineer.*? at secondary schools. The matter Is 
Mill* of greiit Importance to School governto s resixinslble f(*r providing the neces- 
y.wy buildings mul equipment. In th(t. (|iu»stionnaIrc which we nddresse<l to 
.'••Ik UP Is on the head nuiaters’ conference we Imiulreil specifically wliqt spt*cinL_ 
fm ilities were uvailable for boys who Intendwl to take uj) engineering. The 
answers showed that only a very small number of schools have fully equli>i>e</ 
wnrkshope with machine tools ; u larger number, perhaps a quarter of those who 
n-plied, provide facilities for metal work us a part of the manual Instruction 
uJdch Is not restricted to engineering boys. In .some schools part or all of this 
’’practical work is done out of school hours. Where tlierc are no engineering 
workshops there Is often some modification of the curriculum In science and 
matliematlcs — e. g., the Inclusion of mechanical drawing and graphic statics such 
ns we have recommended in the preceding paragraph, Sdme schools disapprove 
In principle of providing workshop Instruction spK'lally for future engineers, 
mid quote the opinion of the Institution of Civil Engineers and of the Society 
of KnglmH‘Ts In support <»f their attitude. Several of the leaders of the en- 
ginet^rhig profession whom we consulted hold the same view. • • ♦ 

We think this answer goes to the root of the matter. We do not consider tlmt 
\v(prkshop practice Is requlreil In the special interest of engineering e<lucation 
at the school stage; the denmnd for it does not come from tlie engineering 
profession. Oriainly time should not be given to It'at tlie expense of subjects 
such as miithennitlcs, mechanics, physics, and chemistry, which aft"*fundatnental 
for the engineer. We are, however, strongly Impressed by the Importance of 
lunmml Instruction as n school subject. Provision for more advanced.instruc- 
tloii may well be made, and without conceding all that has been clalme<l for 
manual Instruction by Its advocates, we think Its piossiblUtles have been too little 
explored in many of our leading schools. 

109. When hoys leave soliool nt about 18 to go into works, usually as premium 
pupils, the course which We Iiave skeiche<l out niay want some luotllficat-lon. It 
would be ^ temiMirary advuntuge to such a Imy* at the beginning of his work In 
I he shops to have had more practice In hanthvork than Is necessary for others, 
'imd he should use w'hatever facilities and wlmtevor lime the school '?an give him 
10 acquire this exjierience. It must he rcniemberod, however, that the great 
plefect of the pupil system In 'engineering works Is that as a rule no one Is 
irsjrtmslble for the necoswiry theoretical training; It ft; o^ten left to chance; 

;t s*>uutl foundation at 8clu»ol Is therefore of the utmost Irp^rtance. 

/ 

SCIENCE IN RELATION TO AGBIC^JLTUBB. 

no. We have thought It convenient to deal In thls.nectlon with the position of 
of science Ih the education and training of those who aro"t(ftake part In or di- 
rect agricultural pursujts or Industries of all -grades. We have been inmh 
assisted In reaching conclusions in this master by replies which were furnlshd 
to auestiens addressed by ua to heads of a^cultard colleges, professors of agrb 
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nilure, and other persons who Imvt* had a wide ^^'pe^len(’e In the nd ministra- 
tion of agricultural e<Iucatlon, and we are much indehted to tliem for their ns- 
^sistance. (See AppendU D.) 

Itetore proceeillng to our Jpmiedinto 0 ui>Jeot, it may perhaps be wcAJ-^ to 
review tla* classes of tlie (‘onwiiunity for \vil^m our agricultural edutfiwiTul 
system must lf5 desigimtetl. Tiieso are— 

(1) The sons of landowners \vin» will in their turn own cifesidefnbie es- 
tute^'nm^'’niay tleslre to take a imieli more active and Informed part 
in tlielr inunagement than lias been eustAnmry of recent years. 

{ 2 } The sons of large farmers, wiio intend to follow I'urmliig us a prolVssioii 
am! will hay^.n^ t;eJUkmabie amount of capital at command. . 

(3) Students who Inteml to become land agents, who will be nsiuitwi to 
direct large estates and soinetimos to manage considei-able fanning 
enterprises. 

Sturionts who inter^ torbmmie teachers in the agricultural colleges, 
officials comu'cted with agriculture, scientillc experu and advisers 
either at home or abroad. 

Sons of small farmers occupying from 60 to 300 acres-whp.^xpect to 
take up . similar busUiessea. * « 

(6) Small holders, farm bniliffs, and farm laborers, who will stuA life 
wltli no particular capital at their dll^sul, and ^ho will at least 
be^ by worlilng directly upon the land. 

The first classes will as a rule pass tlirough the ordinary public or 
secondary school and then proc(*ed either- to the university or to an agricul- 
tural college of corresponding rank, receiving as a rule some further profgs- 
.sional training before they.^aibark upon 'their <-areer. The tlfth group' the 
sTuiiller farmers’ soma, may expect to receive their e<lucation in the country 
grammar schools, followwl by a tadinical^t^lning at one of the farm Insii- 
tutes. The last class -will receive an education at the .elementary schools aiuLirt 
the cbntlnmitlon schools, wiiich we conflderdly hope will become a :^ecos^:^ry 
part of theHi^onal system. of education In yie near future. / 

In^maklng biis r^ygh clnsslficutlon we do for a moment wish to put 
out of blglU the ueee5«4y of establishing the educjitloiml ladder wherchy a 
boy of parto may obtain* hls''opi>ortunlty, from whatever rank of socfeiy he 
^starts. We nnis^ however, Iny Vre.ss on the fact that ms agriculture is ' u 
nushie^s whlcli can not be embarked upon wlt^put capital, much Ies.s u.se can 
be mud^xof the educatloiml ladder In farming tha'ii many other professiun.s. 
The brilliant boy who is picked out from tMe elementary schooland eventuiilly 
reaches the unlver^^y or the agycultural .coliege has, with the present orgniii. 
zatlon of Brltlsli agrjciUtnre, but little opportunity of taking pnrt'hlinself In 
farming -or the management of land; almost his only outlet lies in teacliing 
or lh .offlclal’or o|I>ert work. It 1s moii^ Imt>ortnnt therefore to make curb 
stage In ugrlculturhl^^tocation really* preparatory to the«^iormal vocation of 
those passhig through Itii' than to adjust them all ns successive 8tei>s toward the 
‘Iti-gliMj form olc .education. * • . , 

111. Sev^ of the 'agricultural colleges, of which there are 13 In England nml* 

^ Wales (2 suspended because of the war) and 3 In Scotland, glv^-a* thrw or* 
^ur-year course of Instruction leading to a degree at one or other of the unl- 
ver^tlM with which they are afflllatetl The Universities of Durham, London, 
Wales, Manchefter, Leeds grant a B,Sc. d^ee in agriculture; at Oxford 
'niulCanibrldgett studei»^'Can*only obtain a diploma In agriculture, which counts 
foK^hme portion of a jpass dog^.. .Th^ degree courses agree Ip requiring a 
prellihlD^ uamlnAUon In BClppce, generally ^taken at the. end of thtf 
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first year’s study and not KrtMitly differing from the prellm^ary scitMUlMc 
exnmiaation required from medicul students. The course enilnucos the elements 
of Inorganic and orgu;ilc chemistry, In botany a gt;norai outline bf morphology 
umi physiology, In zoology a similar descriptive sketch of the animal klngdoih 
with special reference to certain orders of importance. In agriculture. .Vt 
most of the colleges these subjects are taught In the laboratory as well as the 
luture room, though the exanilmitlou may t»ot Include any practical tests., 
(\Mtaln other sciences ar^^genofally taught In the first year's course — e. g., 
m'ology. some physics and nu^haplca, though they may not be InclujU^fl In the 
examination syllabus. Though Ui(?se courses are so slightly specialized, ami ai e 
til .such u largo degree Identical with the courses In pure selsnee followed by stai* 
ilents for the preliminary st^es of the medical or sclej^tific degrees, li has 
ln'iMi found desirable, where the school Is large enough, ;o provide setmrate 
instruction for the ugrlcultur,al student. Apart from the agricultural bias by 
way of selection and Illustration that may he given to the most elementary 
nml general course — e. g., In chemistry — It has been found by experience that 
tl)e agricultural studeht did not flourish as one of a small minority In a geuerab 
course of science. Very often his pPellmlftiry preparation for the study of 
science had been even more scanty than Hint of his fellows, science to him 
w;is dilflcult and against the grain because us yet he had little feeling for the 
relation It bore to his real ’subject of agriculture. If has been said that all 
pure science Is alike at this stage In education and that? the future doctor.s or 
engineers or farmers can, under existing conditions, all^share In one uuspecial- 
1/ed course. A niilversitj^ course, however, doc.s become specialized. In chem- 
i.^try for the future chemist, In botany for the future botanist, because the 
teacher In pure science follows his owm bent and gives a professional type of 
instruction, designated to train men of science. For example, the chemist 
tlnifs ’4:Ue* valency of nitrogen more Interesting than the i>art the element plays 
In the nutrition of the p^int, but the student t>f agriculture rarely iwssesses 
the detachment of mind or the disinterested lovb of learning that permlt.s of 
iiuh Ii attention to such que.stloiis. Hence It has been found, If only as a luntter 
uf .self-interest, thnt In Its efforts to enforee n reasonable standard of knowledL^e 

f ' Jb p*u*e science Ihe agricultural depaj|||ment t»f a university needs to ni)iKdnt 
Its own teachers for the elementary pure science required for the prMlnnnnry 
degree exumlnulion. dbi|yt>tle8s this necessity would not arise If tl(e university 
or tfte agriyulturnl dolloge were able to count ui>on a reasonable knot5j[edge 
.1* of sconce on the part of tbo suulei;ts‘ when they enter. But the course of 
instruction at an ngrlcullurnl <*ollege hns at present to be bnscHl on the 
, hypothesis of complete Ignorance of nil the sciences on the part of Its entering 
students; the greater part of the flr.st year hns to he si>ent In hurriedly ptittlng 
Uie .student thrtuigh these. rmUuients. which Imve often to be selected ami 
ln'ptonlzed to an unodp*ational|^legreo because of the limitations of time. Nor 
.ihs's. (he evil end with the first year r the student Is always being ham[M*rcHi 
by hliTlmSty and ad lidc Instruction la pure science. For example, he Is as 
II rule called upon to carrjT out certain annlyst>s of fertilizers, etc., la his final 
nmrse; very *rnrely nre these more than pieces' of unhitelllgent routine, be- 

time has jiot allowed him to pai^ through the appropriate preliminary o 
ilT'Ui In qunnrttn^Ive chemiCiil work. 

I.ack or school training in science causes not merely a loss of time at the < 

university or agricultural college In acquiring the elementary Instead’ of the 
special training appropriate to that stage of education, but It Induces a certain 
stiffness, of mind and slowness, of npprehenslo’n that la a grout handicap to 
the technical student uppruuchliig sclent for the first time. 
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■nd t'oiK’eptlons that are easily absorbed at the age of 14 or 
''difficulties at 18 or 19 to the same type of student Interit on 


f 


chemical faot^ 

15 become re 
' agriculture. 

it is often said by university teachers that they prefer students who tmve 
learned no sclent at school. This probably means no more than that tliey 
prefer the boy of all-round ability who for that ^ery reason has remained on 
the classical side at school to the sort of boy who gets drafted across to science; 
for the type of boy intended for practical life the absence of a school tralnlnp; 
in the elements of science means a definite loss of time and opportunity In Ids 
te<’hnicnl training. . 

112. This la perhaps hardly the place to dlsc'uss In any detail the curriculum 
for an agricultural degree. The difficulties lie In the number of sciences wiih 
w hich agriculture U in contact and the temptation upon the body framing ilie 
course is to Insist on some acquaintance with each-of these sciences. Chem- 
istry, botany, geology, bacteriology, entomology, meteorology, and many others 
fln(] each their applications in agriculture; each again possesses teachers In- 
sistent on their rights to a share in the agricultural student before he can U? 
regarded as qualified. The danger w’ould b.e less If the subsequent examlmition 
were not conducted from the specialist point of view'. The result is that too 
^ many of the degree courses In agriculture are overloaded with science and with 
tfclences the value of which In. the. educational scheme has never been weighed, to 
the comparative neglect of agriculture Itself and particularly of Its economhnl 
ami quantitative Sides, 'For It must always be remeitibered that the agiicultunii 
course ending In a degree though mainly occupied with science subjects, does 
Itroduce men of science for the service of agriculture. The young man wdio lias 
** t>nly learned his chemistry os an agricultural student is not fitly prepared for tlie 
career of teacher of agricultural chemistry, expert adviser or analyst. b^Tiiu'ie 
he has not l>een properly grounded in pure science. The future teacher or rx- 
pert should graduate in a school of pure science and acquire hts agriediturni 
HiHK*Ial kuo\VhHlge as a i>oatgi1iduate and re^arch student. From the iwim of 
view therefore both of the farmer and the expert, the current degree courst‘s In 
agriculture might well be revlsetl with a view* to shedding a good deal of matter 
which Is of lntore.*5t only to the profes.slorinl student of science and thus leaving 
room for more instruction on the economic, historical, and social aspects of 
' agriculture. 

In the foregoing dtet.*usslmi attention has been ctoncentrated upon the doKrot* 
course, hut the number of the students In agricultural colleges attempting the 
degree course is alway.s smnl^ In comparison with those who take Instead a^^niovc 
limited course, generally of^ two- years’ duration, leading to a diploma or a 
certificate This course similar to the degree ('ourse as regards the agrlnii- 
tural instruction, but is weaker on the scientific side, especially as regard.** ilio 
' preliminary introduction to pure science. .-Jn fact It la not unfair to dewrlbc 
#he dlplpma or certificate courses as degree courses watered down to meel tlu* 
weakneRS of students coming to the college without a preliminary acquaintmirc 
. with science and Insufficiently persunded of the value of a technical training 
to pursue it with due thoroughness. Under present conditions these oomses 
must he regarded as neoeRsary. Even this llqilted course Is not completel hy.^ 
tfie majority of the students, who content themselves with some portion of It 
nnd leave. without obtaining any qualifioatlou. This result must in the main be 
,i^t down to the‘’lnsufflclent education, espTOtaUy on the scientific side, of the 
students before entry. They think they have come to idam agrtoulture only; 
from the want of any preliminary acquaintance with the matter they «re 
^ubt^ by the scientlflc subjects; they demand to be taught the results Snrithont 
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nnderpoing the training which Is needed to make the .results vital. Those 
rc^iKmaJble fbr education in the agricultural colleges are engaged In a con- 
stant struggle against their students’ demand for short cuts to knowledge. 

113. The agrlcultuni! college or university department of agricdllure cau at 
Ix -i provide for the education of a nilnortty of the future occupiers of land— 
Tlie landowners and their ugentAr the large farmers, tlie teachers, and experts; 
the’ bulk require h training that Is less ambitious and that runs less risk of 
divorcing the recipient from the soH, It is the function of the farm Institutes 
to provide this training for the eons of the ^smaller farmers, baiyfCs, etc. The 
farm Institute is a wraparatively recent conception Id English education and it 
(an not be said to have crystallized as yet Into a definite type. Two forms 
exist, one of which may be described as a farm school, tlie other as a winter 
pchool of agriculture. The farm school takes whole time residential students, 
generally about the age of 16. for a year’s course, partly spent In the class- 
room, partly In manual work upon the farm. It ts a mixture of apprenticeship 
nnd education, nnd the time allowed Is too short for either. The classropm 
tenohing is greatly handicapped by the general lack of previous scientific lu- 
st ruction In the pupils, as also by the want of educational outlook on the part 
of the teachers, so tliat the course often represents an attempt to compress the 
whole college course within the narrower limits of time. But whatever these* 
faults of conception, such farm schbdls do make for enlightenment In their 
own district: they may teach often the wrong sort of things and teach them 
badly, but they do Introduce their boys to. Ihe applications of thought and 
itmdllgonc'e to their industrial life, they Induce the feeling that tocwwleilge exists 
and can be put Into practice, they provide Indeed stimulus at an lmpfes8lonifl)le 
age. From the educational point of view the winter school of agriculture is 
tile preferable organization. This provides a ^course of instruction lasting for 
10 to 10 weeks during the winter at some center with residential facilities for 
young men of the age of 18 or upward, who come from the farm at the alack 
M'listm of the year and go back to It In due course. The course of Instruction, 
liitwever prncticnl, can omit much of the Information about processes generally 
rogiirded as nece.asnry and -everything In tlie^nature of manual teaching: tlie 
impils come off tlie farm nnd are already acquainted with Ita routine. The In- 
struction can concentrate on the scientific and economl^^l principles on which 
the practice hanga When fully orgnnlzetl a winter school should have two or 
rhn'e courses succeeding to one another and making up a whole, and the student 
who had qualified by attendance fh three successive winters* should be en- 
titletl to some sort of UlploniR. 

.U this early stagt* In their development It Is dlflldult to say anything of the 
' scientific training that should he preliminary to tlie winter schools. They will 
be HM.'elving pupils who have either bden to a country grammar school or 
secondary school, or often only to an elementary ojr a private school. In the 
future It may ^>e hoped that the bulk of their pupils will have passed through 
ibrw or ^four years of continuation school training, and will have acqfilretl 
n i>asls of knowledge of chemistry nnd botany.* Until; there Is this basis, farm 
Institute 'teaching besides losing time In ^endeavors to repair the omission, 
imist always reiniio unsound : many mysteries will bb pronounced upon with 
authority and' accepte<l with faith, many blessed words will hide the Uick of 
knowledge: both learners and teachers Vlll lack "the; spirit of criticism and 
inquiry, . ' . ' ' , , . . ' 

114 . We^may now proceed to consider what science should be taught In 
secondary schools to boys who Intaid to proceed^ to a^^uolverslty or an agki- 
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cultural college, iohojB In fact who belong to the first four of the eateries 
Indicated above. All our Informanta take the view In which we agree that 
agriculture or agricultural science shotted not form part of a secondary schtK)! 
course. All emphasize the point that the best preparation for an agricultural 
course at an institution of university rank is a good general education up to 
the age of 16 , and they desire as an essential part of this education a generallzetJ 
acquaintance with the whole field of the physical and natural sciences. 

While we agree with this view we feel It necessary, in the light of the evi 
denee that we have received, to make It clear that even this generalized nc 
qualntance with sciencte must be made subservient to and built upon a soumi 
foundation in Boglish and mathematics. Students intending to proce^ to 
agricultural colleges, who remain at secondary schools until 18 or so, should* 
continue a general science course .rather than specialize in agriculture. The 
biological sciences treated from the physiological side should be added to 
chemistry and physics, and the general education the boys are continuing 
might well include some Introduction, by way iOf stlmuinai to such sub J ecu 
as economics and Industrial history. Particularly at the public schools, 

* through which are passing the future landowners of the country, is this intro- 
duction Important It is necessary to kindle the boy’s mind to an appreciation 
of the responsibilities and the opportunities attached to the ownership of 
land, and this can be well and educationally done by somewhat inforinal 
courses dealing with such questions as , the development of the English laud 
. system and the history of the English agricultural community. In these 
courses the aim should be stimulus rather than instruction. 

The teachers of science In the secondary schools might, however, well be 
reminded to kc?ep agriculture in view In tbeir treatment of the pure sciences. 
For example, the facts that nitrogen compounds are essential to vegetable 
growth, and that plants build up proteins and the oU^ complex compounds 
of nitrogen from nitrates and ammonia, are Just as geflane in an account of 
nitrogen as the part which that element plays in the constitution of explosives, 
though the latter only will usually be found In the textbooks. Again, the pro- 
vision in the school grounds of a few plats showing die specific action of ferti- 
lizers containing nitrogen, ititosphoric acid, and potash may be considered as 
part of tbe^ essenUal experimental equipment of a chemistry course, to be 
regarded not as a lesson in manuring, but as a demonstration of pure science. 
Similarly there are many outdoor experiments with seeds, plants, arid trees 
which should be treated as normal botany, apart from their bearings upon 
horticulture or farming. 

The boy who intends to become a farmer or to follow one of the professions 
connected with agriculture should be encouraged to gain some practical ex- 
perience by spending his summer holidays at work upon a farm. 

For boys included in our fifth category, who iiHend to become working 
farmers, a normal second^ school course up to 16 forms the best preparation 
for that attendance at n course at the farm institute or winter school of 
agriculture, which should constitute the technical training they will require. 
There U nothing to differentiate in kind betwe^ the secondary school course 
requited by sudh students and that which we have Indicated as suitable to the 
boy who< Intends to proce^ to the university. The secondary school course 
•ihould not attempt to Include agrii culture or agricultural sconces, but should 
pd>vlde a sound groimdwotk of physl^ chanlstry, and physiological botany,* 
Vwith^ of conivw nnthematics EnglUh. Wl^ther such a student should 
.proc^ straii^^^to farm Institute from the secondaiy school or go back 
for A Urns to hU, ikttw*s Ons.Ui a mtter np<m wUch no ^rd,gnd fast nils 
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can belaid down, but an early ac-qualntance with. the routine work of a farm \ 
and an actual apprenticeship to its chief nrnnuah operations are of the utmost 
lnjp4)rtance. 

115. We have given some copslderatlon to the question whether a secondary ^ ^ 
sch(»ol with a rural bias is likely to perform useful work either os an alterna- 
f!v*‘ to a farm institute or In preparation for it. We think there may l>e a ^ 
place for InsituUohs of this kind if they are carefully organized and are estab- 
lisluMl where conditions are favorable. Only In a few districts are the ma- 
it)rlty of the pupils at ev«i a country secondary school going back to the land, 
so that the whole trend of the institution can not be directed to the end of 
training farmers. Such schools can not be satisfactory alternatives to a farm 
institute, though they may form a good preparation for It. It Is of very little 
use to create an agricultural side In such a school and to segregate at the top 
of the school a certain group of boys who are occupied with definitely agri- 
cultural subjects. Unless the whole bias of the school in Its upper stages 
can be made rural, it will be better for country grammar schools to aim at 
giving their boys a.good general education in common. Fair success does- seem 
to have been attained by a few of the rural secondary schools which have 
attempted this form of education, but this appears in the main to have been 
due to the enthusiasm of the headmaster and to his power of directing the 
interest and intelligence of Ills pupils toward rural life, rather than to Uie 
practical benefits of the actual Instruction given. The* chief ditficulty about 
such schools will always be to find a headmaster who combines the necessary 
experience In teaching and organization with such an appreciation of the work 
of the farm as will show him what matters of agricultural experience and 
^ routine can, educationally considered, be Included within the school counsel 
It is not necessary that the lieadmuster should himself have any expeHence 
of the practical working of* farm, but he must have a sufficient sympathy 
with Its methods and objecte to be able to steer between purely academic In- 
st nietlon and the giving of practical tips or scraps of agricultural Information. 

1 16. The education of the farmer, however good, the secondary school may ^e, 
will be seriously deficient unUl there Is a well-equipped and well-attended farm 
Institute in each considerable agricultural center. The setting up of these 
Instltutea has been urgetl by the board of agriculture for some years, and It 
Is full time that rapid progress were made In developing them. 

« * » ♦ ♦ ♦ • 


It Is to the provisions of the education hill with regard to continuation 
schooling that w’e look for the improvement of the education and outlook of 
the future farm laborer or small holder. We are aware of the special difficul- 
ties in rural districts of organizing classes which are to' cover as much as 
S20 hours In ^ch of the four years from 14 to 18., but we belie^*e that these 
difficulties can gradually he overcome, and that nothing wooulfl tend more to 
make country’ life what It should be than tlielr succ(‘ssful solution. The pro- 
vision, of good teachers will be a dlfilculty which wiU be felt everywhere njid 
especially In the country. Money will he well sp<*nt both by the State and 
the local authorities In providing facilities for their training. 


The question has often been rul^stHl whether Instruction In rural subjects 
ought not to be more generally Includeil In the curriculum of the training col- 
leges. The main difficulty ll<^ In the fact that Inoet of the students at tfie 
trnlnlng co^eges are not expwtlng to take service in the country schools, and 
that such A course would only be wanted by n minority, -Better remits would 
iH* attained by a system of atudenuhlps whereby the younger teachers, airemly 
«tabUshed Ih* t&o Country acihoola o6uld go for a time to the agricultural, da- 
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particeDtB of the onlverstties for courses speclally^orgnulzed for their bem flt. 
.This system should hold both for teachers in the elementary and the contimm- 
tion schools In country districts. 

117. The course of instruction In the continuation .school in rural districts 
sliould not aim at u^rlculture nor attempt to autlclpate the technical Instrui- 
tion of the winter schools of agriculture. Its aim should be to keep the boy*§ 
mind growing, so that he may become lnterf«te<l In and receptive of th<» op- 
portunities for special training that will come later. Rural subjects shoulil 
be used as means of education, not as ends In themselves. We may instance 
ns valuably. subjects when treated in this spirit — 

(1) Mensurattoo and applied arithmetic leading up to the taking out of 

quantities; land measurement with a chain - (deling for dralinit'e 
operations. 

(2) The elements of chemistry and botany. « 

(8) The elements of animal physiology and hygiene as bearing upon the 
feeding and care of live stock. 

(4) Elementary meihanjcal principles as Illustrated In machines. 

Direct Inst. iictlon In crufts like hedging, dairy work, etc., finds no place In 
such a course, though the gardening instruction given In the elementary 
school may be continued. 

The elementary school~\i Is generally agreed that no direct teaching of 
agriculture should be attempted at this stage. The elementary science of 
plants and animals that may be labeled as nature study should, however. l>c 
taught In every rural elementary school. Every rural school should have a 
garden large enough to provide a plat for. every child or pair of children la 
their last year at school. The school garden provides useful educational trnin- 

j 
i 


ing, and a knowledge of gardening Is necessary to every man who is going to 
live in the country, whether as farm servant, railway porter, or shop as.';istant 
and very useful to the women who become their wives. 

THE CHEMICAL INDUSTRIES. 


% 


118. It did not set*in to us to be possible to In.stltute inquiries 'as to the snfU- 
ciency of the training provlde^l by schools and technical Institutions for the sik- 
ciul needs of all the various liuliistrles which deiwnd on a knowledge of science. 
But In view of recent developments In applied chemlkry we Invited a nuuther 
of chemical manufacturers to reply to the questions set forth In the ap- 
pendix. We also consulted witnesses, selected by the conjoint board of sci- 
entific societies as able to speak with authority as to the scientific profes 
Blona, to give us their opinion on the present condition of the teaching of 
chemistry In schools^nd universities, and to make suggestions for reform. 

Sixteen firms, Including some of the largest In the country and representing 
the main .subdivisions of the Industry, sent .valuable replies. .It was very satis- 
factory to find that in a large number of answers special stress is laid on the 
value of general chemical education 'rather than on the possession of detail e<l 
knowledge of the particular processes of the factory. The Increasing sulallvi- 
siOD of the Industry and the rapid development taking place in alt the brandies 
“ reduceAhe value of the mere acquisition of knowledge but Increase the value of 
the personal qualltlee of judgment, accuracy, understanding, and Insight.” The 
opposite view was, formerly very common, and It Is not extinct; thus the opin- 
ion Is expressed that ** previous chemical training, though indispensable, Is of 
too general a dtaracter to be of much commercial value*’; and, again, that 
*• men ought to be trained specially for this line of business’*; apparratly Uie 
begiiiDer Is not to be aUpwed to jfo into the water hhUl he has* learned tb'awitn. 
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But the prevailing opinion I 0 tliat special, training Is best given at the works 
anti that the time needed before a man becomes of use to his employer will be 
sliurtened by thorough general chemical training. The employees In chemical 
works who receive any systematic training In chemistry' may be classified as 
(a) juulor assistants, (b) works chemists and analysts, (c) research chem- 
ists. id) works managers Junior assistants are recruited from the techni<itl 
schools and to a small extent from secondary schools; the teclinlcal colleges 
provide a supply of process chemists and analysts which was adequate before 
the w'ar ; the research chemists get their early ‘training as a rule at a university 
ur local -college, and a course of physics and chemistry which leads up to re- 
search work, even of a modest type, Is said to fit them for their duties. But 
the evidence seems to show that the duties which some of our correspondents 
have In mind are of a restricted kind and that a greater development of the 
ivsearch aide of chemical industry than they contemplate is needed. The real 
difilculty Is to get couapetent w'orks managers with enough knowledge of sci- 
ence, enough appreciation of tbe point of view of the engineer, and enough 
puwer of thinking quantitatively on questions of energ>\ Our correspondents 
do not make many definite suggestions for the education of such men before 
tliey enter the works, except to recommend training in drawing, and tlie estal>- 
lishment of laboratories at the techiilcnl colleges where processes can be con- 
ducted with appliances more like those of the factory than those of the- ordi- 
nary laboratory. The science work of a secondary school boy who means to 
procwHl to a university or technical college with a view* to entering the chemi- 
cal industry need not differ from that of the boys who make the physical sci- 
ences their chief subject; bat Instruction In technical drawing would be of 
s]>ecinl value to hlnn 

Coniinuid rducatioti of employees , — In almost all the works some facilities 
dre given for attendlug evening classes, and sometime attendance Is a condition 
of employment up to the age of 17 or even 19; but there is evidently room for 
much* more cooiieration l>etweeu tbe works and the technical schools of the 
district, 

A&MY AND NAVY. 



110. Science aud miiliiary education . — The normal avenues to commissioned^ 
rank InVbe army are through the Uoyal Military College, iJandhurst, for cav- 
alry, Infantry, and tlie Indian Army; through the Royal Military Academy, 
Woolwlcli foV royal artillery and roynl engineers. The competitive exanilnn- 
tlons for Sandhurst aud Woolwich are held concurrently.^ The age limit for 
tlie formet was 17-19; for the latter, 16i-18i.» The length of the course at 
Woolwich Vnd Sandhurst has varied from time to time, but the ideal — seldom 
attained In^ie case of Snndhui*st — has been a course of two years. The obliga- 
tory subjeSa for Woolwich are English, history, and geography, French or 
iiormnn* mathematics I and II, science. In encli of the obligatory subjects 
n c^gallfying minimum mark of 33 per cent must be obtained. One more mib- 
M*t may be selected from mathematics III, German or French, Latin, Greek; 
frt^eliqnd drawing may also be taken. For Sandhurst the obligatory subjects, 
also with a qualifying minimum, are English, history, and geography, French 
or German, elementary mathematics; any two of the other Woolwich subjects 
tuny be^taken. By science is meant physics and chemistry, but It Is noticeable' 
tlnit tbe minimum qualifying mark muy be gained by knowic<lge of one of 
tlicw subjects. Though much of course depends on the skill with which papt«rs 
are set^ we hf\ve no definite criticism to make' as to tbe subjects for Woohvich- - 


they may be\ regarded as forming a aound i^hpol education for .toys with , a 
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bent toward , science and mathematics. It is hoped* however, that chances will 
l>e made 1^ Jte type of science papers to bring them Intd harmony with the 
general course In this subject that we have elsewhere suggested. » 

120, At present an officer passing through Sandhurst may have had no in- 
struction whatever In science before he enters. He will receive no solenrf 
teaching while there or after leaving. It Is hard to see the justification fur 
Intrusting' the lives and welfare of men to olficers who have had no opportunity 
of getting a secure hold of the knowledge of the simpler laws that govern 
weather, food, personal hygiene, the applications of electricity and optics anti 
Innumerable other factors that affect the dally life and work of a soldier. 
Yet it was stated to us by u witness speaking on behalf of the General Staff 
Uiat “hitherto the General Staff had been of opinion that Infantry officer.^ 
did not require to have a knowledge of science. The General Staff had to 
think of the good of the service as a whole, and their view had been that tite 
military efficiency of the o(!U*ers had not suffered from lack of;science. [ It was 
•Impossible to say what the view of the Geueral Staff would be after the war.“ ’ 
A kuowletige of science seems to us to be so mn^essary for an officer that we 
consider that It Is' essential that It should be transferred from the optional 
to the obligatory subjects for Sandhurst. As a c(»rolIary to this change, time 
should be found In a course lasting from one and one-hnlf to two years to carry 
on the education of the cadets in this subject. It Is no less urgent that officers 
of all ranks should have a keen appreciation of the scientific problems in- 
volved Tn methods ct modern warfare by land or air and their relation to one 
another. 

At Woolwich, though science Is a compulsory part of the course and adequate 
time seems to he given to it, the results are disappointing, especially In view 
of the ability of the successful candidates. It seems a pity that greater efforts 
are not made to give science a more Important place In the course. The eq ,ip- 
raent Is Inferior to that of Dartmouth and the system by which the chief in- 
structor, who is a military off! er, holds this appointment only for a short time 
does not make for continuity, and renders it difficult for him to observe the 
effects of the changes he may have Introduced. In fact It seems, in spite of 
some obvious advantagg|F>(o sacrifice e<lucationaI efficiency to less Irniwrinnt 
coiislderatloDs. 

For many years a large number of the ablest boys In the public schools have 
I>assed Into Woolwich, and very few have secured a cadetship at all without 
possessing some ability or an unusual capacity for hard work; but owing to 
the absence of any attempt to make graded subdivisions In science among the 
cadets who enter together, due no doubt to insufficient accommodation and staff, 
the best are often retarded, the weaker are dragged along, lo the detriment of 
both. 

It Is evident that cadets who possess high scientific abilities are not given 
sufficient opportunities for developing them at Woolwich and, when they leave, 
little encouragement Is |;tven them to improve their scientific qnaliflcatlons for 
the benefit of the country. We were told by a witness: “Practically all the 
abler cadets got into the engineers, but, broadly speaking, the fact that a man 
had high scientific abilities gave him no advantages In his military career. 
Such men were allowed to apply for the ordinary billets that were available 
for engineer ofiScers, with the result that they did not pursue their scientific 
studies.*' , y 

•' • ' ^ ■ j % .9 ' 

122. Science an4 -naval edvcaflotk— The committee had the advantage of 
lining expert evidence (m the edujcaUon given at Osborne and DarUnouth. . 
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In both these colleges great attention Is paid to science, and though English 
subjects and a modern language are’ taught, It is on the teaching of science and 
urntUematlcs and engineering that moat stress Is laid. At present science is 
not one of the subjects for the entrance examination for Osborne. We hoi)e 
that it will be Included on the lines suggested by us for entrance to public 
e<hools. 

From tlie evidence it appears that the cadets make very satisfactory progress 
ami take their work more seriously than boys of the same age at the public 
R’hools. ' This is to be ascribed to the fact that from the ttrst the boy knows 
that all his work seems part of and counts to\yard his professional career; 
to ‘ .e possibility of dropping a boy whose' progress is considered unsatlsfnc- 
* ry, aud thus closing his career in the Navy ; to the salaries offered that 
attract to the college specially efficient musters, and to the teaching of 8cletu>* 
omi mathematics being kept in close touch with practical applications. Ttio 
catiets are so prepared as to have their knowledge at their finger-ends — to be 
able to make a practical use of Itifrat her than to carry It forward on theoretical 
lines. The generous expenditure on laboratories of all kinds contributes some- 
thing to the result but makes these schools less valuable as examples of 
method for others. The alms are more uniform and much more definite than 
tliose of a public school. There can (Oiisequently be more concentration on 
tlie subjects which are considered to be of special value for naval purposes. 

The higher training of selected naval officers la carried out at the Royal 
Naval College, Greenwich, followed by courses at other special schools; but the 
weakness, perhaps inevitable, of this nrrangement Is the long gap that elapses 
between leaving Dartmouth and entering Greenwich. 

123. Scientific research for the services . — The experience of the war.mu.st 
surely have taught us that the scientific problems suggested by the needs of 
the services are so Important and so complex that u special permanent organiza- 
tion is needed to deal with them. Wliether this need can best be met by de- 
veh^plng existing estnhllslinients or by setting up a new Institution to be 
Bhnreil by the Army, the Navy, and the Air Service It Is not for us to determine; 
but we are convinced of the urgent need of such an organization.. An estah- 
llslmient of this kind would afford ample scoi>e for those officers of talent who 
show special aptitude for research and whoso ficlentlfic ability might otherwise 
be allowed to run to waste. In the direction and control of Its work officers 
of ‘naval or military training and exi>erience should be associated with men 
of high scientific standing who had proved their activity and initiative in 
scientific or Industrial research not necessarily related to the applications of 
science in warfare. 

On the subject of the relation of science training to home and 
India civil service, the committee made the following recommenda- 
tions: 

1. That all candidates for the competition examination for these 
so.rvices should supply evidence for continuous course of training 
in science extending over several years (secs. 125-128). 

2. That to insure sufficient catholicity in questions propounded in . " 

the viva voce examination, these examiners should include some rep- 
resentative of science (sec. 127). 

3. That the age limits of the India civil service and the university 
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4. That if science be not required, aa urged in recommendations for 

'the India civil service, it be a necessary supplementary subject to 
either the classics or the modern languages main subject (src. 

129), / 

5. That many permanent posts can best be filled by men selected 
not by the ordinary competition examination, but at a riper age on 
the ground of high scientific qualifications and professional expe- 
rience (sec. 128). 

6. That an inquiry should be made as to the best methods of 
securing the services of scientific men" for the purposes of the State 
in peimanent posts and otherwise, such as certain of those in the 
Home Office, the Board of Agriculture, the Post Office, the Govern- 
ment Laboratory, the natural history department of the British 
Museum, the Geological Survey, the Science Museum, the Meteoro- 
logical Office, the Royal observatories, and the Patent Office (sec. 
131). 

. ^ HI— innvEEsiTY education. 

INTRODUCTION. 

132. It can not be necessary to Iny stress on the enormous Importance of ilie 
contribution to education that Is and should be made by the uulvoralties. The 
teaching In the schools must be barren unless there is passing from tlie iml- 
.•versltles to the scIkkjIs a fertilizing stream of teachers. The outlook of the 
schools must be narrow unless Uie universities are setting before them Ideals 
of accuracy In knowledge and eutei*prlse In discovery. Territory can never 
be won from Ignorance unless there are working at the unfveriilttes, the irue 
, homes of research, many wdio can Inspire enthusiasm as teachers, many wim 
cun themselves do pioneer work as explorers and some even who, like Browft' 
ing’s gmiriiuarlan ** with a great end to pursue, die ere they kuow it.” 

We hoiH* ihat when our suggestions us to secondary education have been 
curried oiit the universities will be free<l from most of the elementary teaching, 
that has up to now tended to tllatract their attention from their proper province. 

In this part of our report w'e propose to coniine ourselves to those university 
questions which are specifically concerned with the teaching or study of scieui o : 
we did not consider that under our terms of reference we were expected to deal 
with the wider questions of university K‘'vernmeut und finance, 

. ♦' * . * '« • * , 

We addressed to the universities of England, Scotland, and Wales a question- 
naire on the subjects which seemed to ns of special Importance and interest In 
connection with the study' of sdonce at the universities, and we are greatly in- 
debted to tlie authorities of these universities for the full and careful answers 
they made to the questions and fur the assistance they liave given us. 

As a royal commission has been appointed to ciinslder university education In ^ 
Wales, we have not thought It necessary to deal separately with the position of 
science in the University of Wales. 

ADMISSION TO THE UHITERSITIES. 

Nearly all the universities hold examinations to test the fitneM of candi* 

: , ;datM. to enter on the cobn^ of academic stu^ which they provide.* Most of ‘ 
examinations teat the general educaUtm of the candidater rather than hla ^ 
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paftictilar fitness for the work which he wlahes to undertake* It Is becoming; 
more and more common for a university to accept ns alternative to a part or.ihe 
whole of Its own tests the correspond Injc examinations of other universities und 
other examinations such as the Oxford and Cambridge school examinations taken 
in secondary schools; sometimes the number of such alternatives Is very large 
fat Oxford there are nearly 50 alternatives to responslons), but there Is little 
‘system In the arrangements, and. as we have already pointed out, the want of 
system Is distracting both to the candidates and to the schools ^Whlch e<Un‘iue 
them. We have welcomed the proposals for the first sch(i^ examination because 
it adapts Itself to the general education given in the schools. The attainment of 
:i sufficient standard in this examination would provide a j^aranty that the 
Mudent has carried his general education far enough tcT profit by a university 
course. 

In our opinion the universities should adopt such an examination as the normal 
test for entrance with such limitations or amplifications as they may find neces- 
sary, retaining the power of admitting after special examination or other test 
those candidates who may not have passed through a normal course of education. 
We recommend that except for such nmdidates sp^lal matriculation examlna- 
tfons, Including responslons and the previous examination, should be abolished. 

♦ ♦ • • 


COMPULSORY GREEK AT OXFORD AND CAMBRIDGE.* 


134*. AU the witnesses we have examined who have eipresse<l any opinion on 
the subject have been unanimous in condemning the retention of Greek as a 
necessary subject for a degree at Oxford and Cambridge, und with this comloui na- 
tion we are fully In accord. We consider that the requlrement*of a compuisttry 
minimum knowledge of this language serves the Interests of neither letters nor 
scienct\ that It is g real and irritn(lng,ldndt^nce to the study of srleuce at these 
universities, and that it should l>e removed at tlie earliest possible moment. If n 
elnssicnl Inngua/^e.ls requlretl, we think Greek should be an alternative to Latin. 

As a rule after obtaining an entrance scholarship In science at onV of the 
colleges of Oxford or Cambridge, a boy begins to cram enough Greek to enable 
him to pass responslons or the previous examlnatlou. The last term at school 
before entering the university ought. If wisely employe<i, to play an important 
part In a boy’s Intellectual development, for he then has the time to widen hU 
outlook by Independent thougtit and study, and thus correct some of the limita- 
tions of his reading which are nlinost Inevitable In tite time during which he 
has to prepare for a scholarship competition. Tl^iis opiMU tunlty Is, however, nuUi- 
li(sl If be has to take up the sui>ertU'Ittl. study of Greek and to revert to work of u 
lower standard and more elementary grade than any that he has touchwl during 
the latdr years of his scluKtl iif<^. The process by whieh he hastily "gets up 
this knowledge may exercise the memory, but by no stretch of the Imagination 
can it be conceived to train iiim in literature or in any other way to educate his 
mind. Even greater harm W done to a boy who though not up to scholarship 
stmulnrO is perfectly capable of making gotxi use of the opportunities for the 
study of science at the university. . • 

We are keenly alive to the neces.slty for developing the literary training of 
the student of science. This object is certainly not attnlnetl by causing him to 
learn by heart a translation of a set botik and a portion of Greek grammar. 

ADMISSION qP*OVER-AGE CANDIDATES. 


135. It happens not Infrequently that In consequence of aome change of plans 
camUdates wish io enter a university long After they have left schoolc^rhupaj 
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after a period of occupation in some kind of technical | work. It seems unrenson- 
uble to expect such candidates to show tho same knowledge of the subjects of a 
secondary school course as may fairly be required of 'schoolboys. We therefore 
recommend that the universities should not require tliem to pass the ordluary 
nmtrlculatlon examination, but should make special arrangements to test tliolr 
fitness to enter on university work. We have ascertained that most of the untver 
sitles would favor such a change. The number is uot;Ilkely*to be so large that ii 
speilal test of each individual candidate would present serious difficulties. It 
would, however, be desirable to limit this exce])tiunnl piode of admission to cundi- 
liates over 23’'year9 of age. 



ENTKANCE SCHOLAKSHIPS 4T THE tJNIVEBSITIES. 


fev; 

M 


Mm 


180. At the outset we think It desirable to lay down two general prbiciplc.s 
which should In*ottr opinion govern tin* award of sCJioIarshlps ; firstly, wdiolar- 
shlps should be definitely ussoclutod with tht» Idwi of distinction conferretl in rcc: 
ognitlon of Intellectual merit and promise : ,se< nndly, they should be of a m>inliml 
value fsay £20), to be supplementoil If and so far; a.s scholars require further 
assistance. 

137. From the evldeme before us *we are convinced tliat there Is need oven now 
for larger expenditure on scliolareblps, and that this need will be greater In tlu* 
^ future as the waste of talent due to Imperfections in the present ‘system of cdu 
cation Is diminished. In this connect Ion we w'ould draw attention to the evidence 
of Prof. Farmer, who stated that " the national value of the royal scholarships 
was admltte<I by nil who were conversant with the facts,” and added that "If 
more scholarships were available a largely Increased supply of qualified students 
would l>e obtainable from setMmdary and evening schot^la. At present there was 
a wasti^te of brain power due to Insufficient ^holarship provision. There w'us no 
difficulty wlmtever In finding employment for those who passed through the Im- 
perial College. The demand wns greater than the supply." 

That there Is need for further financial help Is, In our opinion, especially true 
as n*garda students of science,- particularly in tlie modern universities, and for 
students not resident In the university town.s. The iuh^I Id the mmlern jinlver- 
sltles Is not due to there being fbwer scholarsldps available for stu(b*ms nf 
science than for students of other subjects, but to an absolute deficiency of schol- 
arKbips In all Puhj(*ets. The si>ec1al need of scholarships for women has ]as*n 
refcrre<l to elsewhere In this report. 

We iire all well aware that some students to whom science scholarships have 
beeu awarded have failed by their subsequent performance to Justify the uwtyd. 
We do not think that this can he taken as evideme of a deficlqj^cy of students of 
scholarship caliber In secondary and elementary schools. It arises from a variety 
• of causes wdilch we have dealt with elsewhere, and which result In many of the 
ablest boys never presenting themselves for the acholarshfrycompetltlon. Until 
these causes are removetl, the problem of securing an Increasetl supply of science 
students at the universities can hot be solved merely by (uldlng to the nuinber 
and value of the scholarships available for students proceeding froni secondary 
and techniral schools to the universities. ^ 

.188, With regard to the value of the schAarsbips^ w'e think It Is essential (I) 
that, subject to need being proved In each mdividual case, the assistance given 
should cover the, whole cost of education aiw ^aiutenance, this cost not to 1 h* 
as^ssed on a niggardly scale ; the ft^y>en^t a ni^verslty education will not 
: be^gnlned if fi^olara are restricted In eveiy dijmlon by their pecuniary clrcuw- 
(Ujh^^ihat there should be no reat^ctlons of a ffn,anclal or other kind 
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Imposed to prevent a scholar Rolug to the partiailur university which Is willing 
to award -him u scholarship aud which provides the teaching and teachers that 
nuM't his needs. 

With regard to the-duratlon of a scholarship, we think that this should "never 
be less than tiiree years, subject to nttcnrtanco, gof)d conduct, aud satisfactory 
n pnrts on the scholar’s work. It should be capable of extension to a fourth year, 
iifKl even In s<mie chses to a fifth year, provided that this extension was appi oved 
by tlie re«i>onslhle teachers. 


i:ib. It is clear that the cost can not he met out of existing endowments; and 
fnr ilie most part It must form a charge on national funds. We do not protnise 
:n eiiler further tnlo this matter, but we desire to express our agr^^ement with 
ihe view of the consultative committee that even thougii tlie State provUl(*3 
the funds “ tlie proper body to tost the quallttcattons of candidates for ecliolar- 
sliip.': to be held at a uulverstty Is the university at which the -ScholarshlpH.'or 
the, chief j>art of Uiem, are to be held." 

140. Method of (Tumrd of aoholarships.^—We cdftslder' that the present inetluMl 
of awarding scholarships at the Oxford and Cambridge colleges for proticlemy 
In a single subject — e. g„ classlcii English, modern languages, history, mallie- 


-matlcB, ntttftral science— Is unsa 
the schools. On this point there 


1 1sfuctory and leads to oversi>eclallzaliou in 
was unlvi^rsul agreement among all the wit- 
nesses w*ho gave evidence on tlib subject; a representative of the Assistant 
Masters’ Association stated for t rample that In the later stages of his school 
career a boy might spend as mucli as tluw-qaarters, or even nine-tenths, of his 
timeonhis science subjects In preparation for a scholarship examination: imd 

schools oI)served that " sO long as university 
n for proficiency in a single subject — e. g., 
very dltlicult to keep specialization at school 


Ciiurnglng candidates to take a 
sliould be asslgn^sd, even tbongl 
tliui expectiHi from those who in; 


clioice of their second .subject*, e 
connectlou with all the subject: 


the chief Inspector of secondary 
entrance scliolarshlps were glvtii 
imilhematics or science— It w*as 
wllhiu proiwjr limits." 

We think It deslrulile to broaden the basis of these examinations by en- 

Rccoud subject, to which suhstantlul credit 
the rungo covered Is considerably less than 
ike It their primary subject. By "substantial 


mMllt " we mean such an amount of credit as would make It difficult for a 
candidate to obtain a scholarship If he contlned himself to oue subject only. 


No attempt should be made to p -escribe a hard and fast grouping of subJi^Ms. 
Complete freedom siiould be allowed to candidates offering science In the 

g., history, a language, or mathematics. In 
great weight should he attached to evidence 
of a candidate’? ability expr^'ss hltaself In clear and Intelligible English. 
4'hls i»esuU Is not necessarily secured ay the Inclusion of an English es^y as a 
compulsory subject In tlie exainliLtlonf We are In pymputhy with the sugges- 
tion that In addition to the practical ixamlnutlon there should be a viva voce 
examination for all science candlantes. 

^ The essential features of the prbi^yals we have made are (1) that a science 
candidate should be required to present himself for examination In natural 
Hclence and In another subject; (11) that there should be freedom of”^olce 
In regard to the second subject. The.se proposals might with advantage ^be 
'i\»h»ptt?<l not only at Oxford ami Cambridge but by the universities generally. . 
♦ ■ '♦ * 

J41. Aff€ Hmita for mtrance tcholanhips , — We recommend that the usual age 
Unlit for entrance jwholnrshlps awurde<l by the colleges of Oxford and Cgm* 
bridge Bhould be 18 rathw than 19, This recommeudatlon ^ In accordanedr 
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with our general view that 18 rather than 19 should be the normal n^re fnr 
boys passing on trom secondury schools to the unlversltlM. The Intervul 1«>- 
tweeii the dute of the scludarshlp exnminiitlon and the time of coming \ip iimt 
residence Is too long, and we recommend thatdhe examinations should be held 
not earlier thati March 1. 

« « * « . * « « 

142. We have received ample evldt^nce tliat even now there are In tlie ttn’Inm ni 
roileges, senior technical schools, and evening schools many students of 
nblllty who are prevciUtMl hy want of mentis from receiving the henetits ni a 
university education, ^utl that for lack of scholarfflilps open to th^m tludr iildli- 
I'ies use not developed to the full, and tlic interests of the country sulbr in 
coiiBequeDce. We think tlmi the provlshtti of scholarships oi>eit to such studi ii!-; 
Is urgently needeil ; tlie consultative conimittee, as we Itave already stau'd, 
suggested that a considerable sum should be devoted to this purpose. The wun- 
lations for these scholarships should. In our opinion, differ materially from fh"se 
\Ve have sugge-^^ted- for candidates frtan se<’ondary schools. In the first plmr. it 
is undesirable to have uii age limit fur these cumlidntes; and. secondly, they ran 
iKtt be 'iexi>ecte<l, at any rate for the present, to reach the same staiulard nf 
literary training whlcli it Is fair to ileinand from cjimlldntea who have hein 
slmlyliig oontlmuMisiy u). to their entnince at the university. It would he well 
for the unive^ltlep to hear lii mind the linportuiice of helping them durllig 
their university course to get Into contact wlih lUeniiure and otlief suhjc< is 
which have hitherto Jain outside their opiMirl unities. r»reater spedallzatinti is 
penuisslhle for these CandUhites who from the defieleneles of (tur present edu-. 
catlonal system or for other rensons have not had the time for (‘overlng a very 
wide field of knowledge and have been obliged to concentrate on such suhj< * 
as engineering, mining. .nictullurgy. In fact, evidence of real ability in their 
own suhjtHM slnuiUi in this case he sufilcieiit grenind for the a^wanl of the 
sclntlarsiilp. 

<A11 scholars should have reasonabl^vfrtMMiom of choice In regard to the coinses 
of^(»tudy which they propo.se to pursue At the university. 

UNIVERSITY FEES. 

143. In the section of oiir reiMtrt which deals with the supply of trained 
scientific workers we give reasons for believing that a hirge Increase in ilie 
number of students passing tlooujch <mr universities is n matter of ^eat na- 
tional Iniimrtnnce, and that steps should he taken to bring a university training 
within the reach of every one of suftlchuit ability tti profit by It. Much wotild he 
effected by a generous extension of the system of seholnrshipa, but this will 
rtypilre to be supplemented hy n substantial reduction in the scale of fees 
charge<l. There should also he an equalization In the fees charged for approved 
courses In the different faculties, «a at present fetudentSiOf science and unh- 
nology are handlcapiwd hy the higher fees in these faculties. A large number 
of fk'holarshlps will be re<iuinHl .In any case, because there are many parents 
wlu) could not afford to maintain their children ns students, even if fees were en- 
tirely abolished. Many parents are, however, deterred from sending their sons 
to tUq junlverslty by the present -scale of fees, especially In large towns where 
there la u university which students could attend while living at home. We 
recommend that there should be made to the universities from national sources 
a grant large enough to enable them to In^ke a substantial reduction In their 
. f<*w and also to provide, for the cHlucatlon of the larger number of students to 
;xvh*om such a reduction would oi>ert the door. • ♦ * We are convinced that 

If fees were lowered great waste of Intellect would be prevented -and that the 


UNIVERSITY EDUCATION. 


77 


. increase In the number of educated men and Voinen able to help in develop- 
Injr our resources and in Incrcashm the (tutput of our industries would be 
worth the expenditure of a much larger sum^ If _we regard only the material 
:is:pt*ot of tills change. 

The award of scholarslfips Is not the only method by which assistance cun be 
given to students. In tl\^ later stages of professional e<lucotion when a student' 
is approaching the time when he will be able to carti money* much help can be 
Liven without great extK*mliture b^’ the esiabllshinent of loan funds. These 
^ u(>uld necessurily be administered by the university or other insututlon at 
u liich the candidate was stmlying* as no other body would be in as good a 
pnsitlon to Judge of the propriety bf a loan. The system has been tried In 
several of the women’s coiieges. '^In the Ixmdoh School of Medicine for Women 
it has proved v?ry helpful arid there have'beeii feu'^casea of default. 


PASS DEGREES IN SCIENCE AT OXFORD AND CAMBRIDGE. 

HI. In most of the universities u stiKleiit can aim either at a pass degree or 
III an honors d*»gree in the main subjects of study. In tht» modern universities 
tin* work for a pass degree Incimies more Kubjects than are required for an - 
Imnors degree, but tlie two kinds <d work are on the same lines and have irfuch* 
in eoinuum in their earlier stages; subjects can be chosen so that the study of ~ 
each helps tlnTTOSt. 

Hut it can not be said that the Ualvcraltica-of Oxford and Cambridge provide 
siuisfactoj-y courses of work for pass men whose Iriterest lies In ihe natural 
seicnces. At both universities tlie choice of subjects Is limited by regulations 
u liich do not swure. or may even prevent, the selection of subjects which stand 
in close relation to each other; e, g., at Cambridge a pass man can not combine 
agriculture with either chemistry, botany, zoology, physios, geology, or physi- 
ology, nor can he take physics with engineering, while at Oxford he Is obliged 
to do more w’ork In the classical languages than Is rc<iulretl of nn honors nmn 
In any subject except clusslcs, . ' 

In (*onsequenco of this want of conttimln’ many students aim at an honors 
degree In science who would get a hotter wucallon from a simpler course if 
one were open to J,hem. Others who would gain by carrying on the sclentllle 
training they have receivtKi at school flml that they have no opportunity- of 
doing so in the pass courses of the university. 

The provision of continuous coui'ses In sclemv for imss men seems to us to 
deserve the serious eonslderatlon of the two universities. 


COURSES IN GENERAL LECTURES. 


145. The Increase of siiechdizatlon In all brunches of knowledge at the v*ni- 
\er.'^itlcs has brought It about that students of one branch of knowledge have 
little opportunity of liearing anything about other subjects. It Is therefore very 
desirable that there sUould be given al^the universities courses of lectures of a 
general character im philosophy, hls^ry, literature, science, and economies. 
We believe that such 1ecturt‘s have b^i given with much success at more than 
one university. " . . 

degbe#*coubses. 


140. We asketl the universities whether the present degree courses In pure 
science sufficiently meet the needs of those students who wlll^ later seek em* 
ployment In sclentW posts connected with industry. The answers to the ques- 
tion g<«eraUy Indicate tjiat these degree courses are saitisfactory so far' as tbey 
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go, but that for students ,who will enter scientific iDdustries there Is need for 
further specialized atu<y for at least one year. We have found no evidence of 
any strong feeling on Gie part of the universities generally ,ln favor of a 
change In, the character m the courses taken for their degrees In science. 

■ There Is'less unanlmltAln the answers fo our further question — whether iiny 
new coaiblnatlona are dAlrable In the possible courses for a degree (e. g, 
cheoilstry and engineering^? Some universities and colleges state that suffl- 
’ dent options exist or tlmt oomblnatlonB of the kind are desirable. Others 
take the opposite view and advocate combined courses In chemistry and engl- 
neerlug, or state that proposals In this direction are under consideration. 
There is a general view;.\\ith which we agree, that students of technical chem- 
istry should have an opportunity of acquainting themselves with the appliances 
used In chemical processes op a large scale. Experienced correspondents agree 
that cooperation j>etween the chemist and the engineer Is moat necessary in 
modem work. iWs only very exceptional men who can be fully qualified both 
In chemistry and Engineering, and it Is therefore doubt^Jl whether the uni- 
versities should attempt a course of training giving anything like full, pn>fos% 
slonal qualifications In the two subjects within the time limits of an ordlniiry 
degree course. 

147. Before leaving the subject of degree, courses we desire to add that In 
our view it Is most Important that the courses In question should be so arraiujod 
that students, who come well prepared from secondarj/ schools should not be 
put 6ack to do elementary work which they have done already. This ilocs 
not mean that there should be no elementary lectures. Such lectures will be 
necessary to meet the needs of students who have not pursued a full* course of 
^ , science at a secondary school and may sometimes be attended with advantr\ge 

by those who have; but attendance should not be compulsory and there should 
be nothing in the university arrangements to prevent well-prepared students 
frt>n\ procee<Hng to the more advunceil studies which it Is the special function 
of the university io foster. In no case should the per/dtt spent at the pni- 
^verslty he shortened; the student should be able to spend three years of 
uninterrupted study on the more advanced pnfts of his subject. 

^ 14fi. One method of securing this end would be to allow the intermediate ex- 

Bttlnations for the bachelor^f science degree to 'be takhn direct from scbovl. * 
This raises the question at^iint point In the course of a student’s eclentrtic 
• training does the province of the secondary school end and that of the univer- 
sity begin. We have asked the unlversltlesfcfor their views on this point. The 
answers dtsclo^ conflict of opinion. 

It may^be aMked. in the first pl^ce, what Is the aim of the Intermedinte 
examlgation fdr the bachelor of science degree? To this question three different 
.angwera jiave been given. ^Sonie maintain U»at the examination aims at find- 
ing o^t whether the undergraduate possesses the general and elementary 
knowl^ge of science ‘needed as a fmindation for the more advanced ami 
specialized par^ qf the degree course, and assume that secondary schools are 
X* ' not*ao '"^th teachers ahd IKboratorles as* to be abje to impart thnt 

fundatnental knowledge of eolence which is needed as an Intrpdilction to 
, advanced unl,verRity .teaching. TW%. assumption Is- already antiquated as n 
/ general statement^ ’ , ■ 

t ‘ Others urge that the exarolftatlon 'ls Signed to show w»hether the under- 

^ " graduate has followed with Intelligence the course of Instruction given to him 
\ during his first year at the university under conditions freer and more stlrau- 
fer latlng than those which, can possibly prevail at a school. This view takes It , 
for grs'n.^ and tebdratoiy- lhs^ given in a. univeralty 

c :}j ^ ; ^ Ihiermi^ate txach'elbr of isblehce* examidat^ ‘ the 
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hands of the most brilliant and experienced p^Qfessora under whose Inspiring 
leadership the young student is privileged to mpke his entrance Into the uni- 
versity of science. This ilssumptlon is not always Justified by the facts. 

A third group regard the intermediate course (tested by an eiamlnatlon) 
as a year of probation during which the university teachers watch the student's 
abilities and Judge his promise forYurlher work. Tl^ view assumes that the ' 
intermediate course at a university Is a sort of shunting ground. In which each 
student according to the ability which he shows is put upon the line of rails 
wiiich will carry him forward Intd the course of advanced study most fitted 
to his powers. This assuipptlon does not correspond with usual university 
practice. 

A majority of our unlyerslty witnesses, however, reply that the Intermediate 
examination for the bachelor of science degree should be allowed to be taken • ■ 
from school. This privilege is already granted In one university to all stu- 
dents and In several others to students who enter for an honors course In 
science. The principle, therefore, has already been conceded. In view of the 
facts (1) that the work of the last two years In a secondary school well 
organized for science teaching does usually Include the necessary subject mat- 
ter of the Intermediate bachelor of science examination, (2) that actually the 
ground covered by the first year’s work at the university Is much the same 
ns the higher wor^ of schools, (3) that school methods for most studmiw 
are more suitable for those beginning a subJectSiand j|(4) that two years are 
Insumclent for an honors course at the university', we recommend the universi- 
ties to allow candidates to take these exnmtnations direct .from such schools. 

But a still more helpful arrangement would be that candidates In a second 
school examination (see sec, G6) who do satisfactory work In any of the sub- 
jects required for the intermediate .examination 'should lie exempted from 
further examination In these subjects It Is not desirable that the work of 
pupils between 16 and 18 sheuld be disturbed by their having to prepare 'for 
an examination not primarily designed to meet school needs. 


THE F£CkAC£ OF ORIGINAL BESEABCH IN UNIVEBSITY EDUCATION. 


149. The training aflfonled by the stjWy of natural science will be Incomplete 
unless the student* undertakes some ^ece of research. In which, relying as 
far as possible on his own resour(*es, he applies his knowledge of science mnl 
of the methods of scientific lnvefetI§:atlon to the solution of some scientific prol>- 
lem. The effect of*A year’s work of this kind on the general mental develojv 
ment of the student Is most striking. He gains ' indq^ndwice of thought, 
maturity of Judgment, self-reliance; his critical powers strengthened, nnd 
his enthusiasm for science Increased; In fine, he Is rarrle<yfrom mental adoles- 
cence to manhood. We think that whenever possible a year spent 'mainly on 
resArch should form i»rt of the course At the unl^rslty of those wJinso 
work In life <vill be concerned with the Industrial applications of science, ns 
well as those who will devote themselves to research -and teaming. It Is 
Important, however, that at this stage the teachers at the unlversitlea should 
regard research utainly from the point of view of Its value as an educational 
tndnlng and not as a means of getting within the year as many new scientific 
results as possible. *The student should Ife encouraged to overcome his dif- 
ficulties by his own efforts, and 'the assistance given by the teacher should not 
more tiian is hecespary to' keep him from being dthheartened' by failure and 
to prevent the work from getting on llnea which can not lerfd to succees. Worlt' 
.n-^f tbia'ldpd should In general.be taken after qualifying for the bacheioris d^ 
ihouM be jprognii^*bE to-iP'ant of some addltional-dUtincttoW^^^ 
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We think that original work should not bo required for the first degree tn 
science. The period, usually three years, spent In preparation for this degree 
Is none too long for wide reading In ail branches of a student’s main subject 
and in those branches of other subjects which have an intimate connection 
w’lth It We regard It as of the utmost importance for the student’s future 
success that he should not confine his studies to some particular branch, say. 
of physics or chemistry, but should gain u general knowleilge of the concept it -n 
and results of the whole range of his subject. Such knowletlge Is most easily 
acquired at this stage, and experience shows that, unless this opportunity is 
seized, the student’s knowledge throughout life is specialized to an extent whicir 
Is unfavorable to the highest success. It must be remembered that research 
^ work to be useful demands a great of time and great concentration of 
mind on the subject under Investigation and would curt^l to a serious extent 
the time available for general reading. V 

For the sake of widening the outlook of students of natural science as well as 
for Increasing their equipment for successful investigation It Is of especial 
Importance that opportunities should be given for combining the study of 
' mathematics with that of natural science, and we w^elcome the efforts which 
most imiverslties have made and are still making to effect this object, 

DEOBEES FOB BESEABCH WOBE, 


150. The universities have not^idopted a common i>ollcy In regard to research 
degn‘es. As n rule the degree of bachelor of science marks the end of an 
undergraduate course aftd In many universities the degree of doctor of sdemv 
Is given a few years later for a specific piece of Work, often undertaken with 
a definite View to the degree. Other universities, give a degree of master of 
science under conditions which vary so much that the precise meaning of 
the degree In different universities Is-obscured, and resene the degree of do<tor 
^ of science for still more senior candhlates. If the object of granting a 
degre^i Is to encourage research, there seems to be little reason for postiHntlng 
the grant of It to a period so late that the hoi>e of obtaining the degree Is not 
' likely to be a serious stimulus. If thp nmnber of students who come to tills 
country for advanced work increhses, the need for a uniform and conipreheti- 
aihle system of research degh'es will become even greater than It !s at present. 

iVe are In general agreement with the following resolutions which were 
pOvSsed at the universities* conference held on May 18, 11H7; 

That, for the wider promotion of research In this country, as well as to en- 
courage the attendance of graduate students from the British dominions and 
foreign universities, n degree of doctor shall l>e attainable after not less tlmn 
«4two years^ Rdvancetl study and research. 

That the existing doctorates shalLJf po%<ibte, be retained without lowerini^ 
their BtaQjdard. T . 

- That tile title of the degree shall be the same for all faculties. 

That It Is highly important Uiat the same title for this degr^ be adopted by 
ell universitl^. , * 

That the title of the doctor should be “ Doctor of philosophy " (Ph, D.). 
That It Is esseoUal that the period of two years contemplated should -be a 
period of whole;tlm^ study or its equivalent^ 

FOSTOBADUATE BESEABCH SCHOLulBSHIPa ' 




IM. It la a matter of .great- Importance fo^s jhe advancement^both of .pure 
- aciebce and of technology that. students who have shown capacity for research, 
.^ouM be able to^|emain at their univer^^, in otder to continue their sliidl^ 
.^4, to. acqttt^o experience In a research Ul^ratopL under comp^ent guidance : ..V. 

- *^udeht.iirhp;ha8\bw able"^' 
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to support himself for the three years of an ordinary degree course by means 
of scholarships is often at the end of his resources and Is compelled to take 
up some remunerative work at once. . If he does this the chance that be wUl 
ever be able to return to research Is small. Thus the critical time when such 
«;tudcnts are most in need of the help which a scholarship give ta at the 
end of the undergraduate course. * * * 

We ^ire convinced by the evidence that has' been placed before us that no 
exiK'ndlture of public money on scholarships holds out more prospects of 
valuable returns. * ^ 

It has been pointed out to us as a serious difficulty ,that the tenure sf 
scholarships given by local authorities is often shorter and less easily pro- 
lHU?:ed than that of other scholarships, so that the holder iof such a scbolar- 
pliip may find his Income diminished Just at the time when he begins to get 
the greatest benefit from a university education. It has also been pointed out 
iltal there Is a special want of senior scholarslilps for women. Both these 
defects ought" to be remedied. ' ■ ^ * 

Even where tlie tenure of a scholarship can be prolonged, another dlflScolty 
may arise. It can not be expected that all the universities should provide 
wiiial -facilities for the study of all subjects; In particular the elaborate special 
appliances needed for higher work In some branches of technical science may 
exist only In one or two institutions In the country, so that It becomes necea? 
Siiry for students to nilgrate from one university to another. The unlveraltlea 
imve expressed very definitely tlie view that such migrations should not be 
encouraged during a three-year undergraduate course except tinder special 
(‘omlltlons, on account of the •dislocation of the general scheme of the student's 
work which would result; but they almost nil approve of the migration of 
graduatJ^ and have made arrangements to facilitate It. The conditions of 
tenure of scholarships should be sufficiently elastic to permit of such migration. 

Some laboratories can provide their senior students with opportunities for 
rcs(H»rch by employing them as demonstrators for part of their time, on con- 
dition that the rest of their time Is given to research; this arrangement it 
warmly advocated by those who have experience of It, ns It provides the stadent 
with txvo different kinds of training and experience, each of which hat itt 
special value. But the number of students who can be helped In this way It 
necessarily small. 


RELATION BETWEEN THE DEPABTMENTS OF PTTBE AND AFPXJID 

SCIENCE. 

* ' ' * ^ 

152. In ad universities there are departments for the study of medidne and 
engineering; in many of the modern unlve^Ules^there are also departments for 
the study of the applied sciences which are of speclatlmportance in the district 
Wo consider that thes^ departments promote not only ^he particular industry 
nr profession with which they are connected, but also the study of iiara 
silence ond the Interests ot the university as a whole. They promqte tbs 
Industry by giving to those 'Irho enter It the opportunities of gettl^ the 
broader outlook and wider Interests which life at a. great university aftoida 
Association with other departments of the unlverd^ promotes and fscUlUM 
^ the application of science to industry, as it gives oi^rtunltlM for inte r co ^ ai 
between those who are proRj^nt in the sciences on which the industry Is baAd 
and those who^re conversant w^th Its practical needs. Tl|| purely sdieot^ 
.departments gain because more students pan trough their classes and th^ 
Is ^ni^ueptly. a is^iddr field, froniyv^lcb to s^^ ^oee who sho^ outs^diifil^ 





JibiUty Id pure science. There are, for example, not a few eminent physIolo#:lsts 
who began the stpdy of their subject as part of a medical course, and who 
might not have devoted themselves to pure scieuce but for the existence of a 
medical d^^artmeot. The technical . department strengthens the university 
by bringiDg It ipto close touch with the life of Uie district and by increasing 
both the scale of Its operations and the number of Its studenta 
153. We consulted the universities as to a number of plans which have been 
suggested for bringing their departments of applied science Into (floser relntinn 
'Uth the industries. The universities which Imve had experience In the matter 
nre unanimous In thinking that the head of every technological department 
sliould be allowed and encouraged to take part in private professUmal practire 
so far as It is consistent with the discharge of hl.s university duties, in anl.-r 
that he may keep abreast with tlie developnients of the industry which he is 
serving by bis researches and for which he Is training students. Therr is 
some difference of opinion as to the value of a'dvlsory committees confslsting 
of representatives of the univorsiV and of the industries for which stufirnts 
are trained, but the universities which haw instituted such committees are 
convinced of their usefulness, provided flmt their functions are clearly doliueil 
and are advisory, not execuUve. Much of the research work needled for the 
Industries can only be done with advantage at Uie works where the probhuns 
arise. But frequeiitiy quest Ions of u more general kind present them.se I vr.s 
which ne^ not, or can not, be dealt with in the works laboratory, but could 
be Investigated at a university or technical Institution. Tw'o plans have luvn 
adopted to utilize nniverslty laboratories for such work. In one the uni* 
verslty merely allows an Investigt^or appointed by the.tlrra to use Its labora- 
tories for his work; In the other th^head of the university department under- 
takes some responsibility for the gimeral supervision of the work done by 
investigators sent from the works laboratory, who are sometimes asaisled by 
senior students ; this method has been tried and found advantageous In several 
of the largest chemical laboratories In this country. 

PBOVISION FOB OBIQINAX BESBABCH, 


154. The importance of research in pure science, the life blood of applied 
science, is recognized on all bands, and there is general agreement that It 
ought to receive more encouragement from the nation rihan It has done In the 
past It is as difficult, however, to organize the production of the highest 
type of research in pure science as It would be to organize a method of pro- 
ducing grhat poems. The greatest advances In pure science are often the 
outcome of Investigations which, until they are Justiped by success,. appear 
fantasUc and unpromising, and, meet with little approval from orthodox 
sdentlflc opinion, and It Is often too a long tlnaf before any tangible results 
are obtained; for this reason they tro not of a kind which could be exp^ted 
from workers In a great InstltuUon .supported by public funds. Such an in- 
stitution would nnturaUy be expected to fornlsh year ^7 year a report of 
progress, but In research on entirely new lines a year may easily go by with- 
out any deAnite results being obtained, and the Investigator would be in the 
lu^us position of having little to show that he had earned his salai^. 
3Mr* would thus be a s^ng inducement for him to pursue a lo#er type of 
:^k .on more couvendonal lines In which he ^id feel assured of a fairly 
^^nuous progress. One. can not gnmt discoveries simply by pay- 

io , the Pfurt have tor the .most part been made In the 

c^tlnus to be sb. The 1 
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laboratories are ta efflctent as possible, and that the professors and other 
teachers who work in them have enough free tinre for original research. 

,As Bclence progresses, the Inslniments necessary fi»r research become more 
aiiti more numerous and more costly, and to eqnlp and malntBln the laboratories 
in the most efficient state is beyond the resmiroes of most of our universities, 
(tne of the best methods of advancing pure sclen<'e would be to insure tho 
oiHdent equlpraent of the laboratories In our universities. The answers of 
die universities to our questions show that they c'^.slder their present resources 
insufficient to provide all tliat is needled. 

Apart from more general questions of expansion, an Increase of reseairh 
work would require Increase of staff and iinpnweiuent of equipment. It Is 
extremely undesirable that research should be confined to the larger nniversl- 
tios, but in the srhaller institutions where u science may be represented by 
only one professor the amount of routine and orgunizlng work which fall.s to 
him may be so large that he can not give enough lime to restuircll .students. 
In (lie early stages such students need much a. ssl stance and advice; the re 'is 
consequently often a definite neeil for some arriuigement to relieve the pro- 
fessor of some part of his routine work.. and leave him more time for the 
organization and supervision of research. 

^yith regnnl to the equipment, the needs vary so much from place to- place 
that it Is dlfflcnlt to say more than that the universities consider them very 
urgent, and it is clear that they con only helmet by further financial assistance, 

PB^OVISION FOB STAFF, BUILDINGS. AND EQUIPMENT. 
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156. In this connection we can not do better than to quote certain of the 
answers we received to the question; “Are larger subsidies from the treasury 
DowHB^ffired ja) tor the adequate development of the work of the university 
In pure and applied science; (6) for the general purposes of the university? 

Is It desirable that the Oovemment should make building ami equipment grants 
for the provision of new laboratories in the English universities?*’ a 

(I)' “ Immensely larger subsidies are required for all these purposes.*" ’ 
<lI)“To all questions In this section tho nn.swer Is emphatlcHlly in the- 
y affirmative. For Its hulldings and development this college has 
^ hitherto depended mainly upon private uuinlficeDce, Private muutfl- 
^cence alone can not, In our opinion, be expected, to provide in the 
future, and especially immediately after the war, the whole of the 
funds for salaries, building. tHtulpment, and upkeep tMt the 
university institutions of the country require. It Is, however, of 
the utmost importance that, if tlie State subsidizes the universities, 

It should In no way restrict or Interfere with their freedom of de- 
* welopment** 

(III) “(a) Yes; fpr both purpoeee, provided that the autonomy of the uni- 

versities ft preserved, i b > Yea ; on the same condition.^' 

(IV) “The university * * in the past depended mainly uj^n the 

generosity of corporatp bodies and individuals for the endowment 
ot fresh posts and for the erection and equipaent of laboratories 
and other university buildings. The resources of the unlvmlty 
do not enable It either to make adequate provlsloq for the np):eop 
axkd fall equipment of the existing instltuthiDs. or to provide the 
. ;^statt and the ImUdlngs that are necessair for teaching and r»*^ ^ 
: gaarcb in near' and rapkUy devtdoplng brM acdence it'hi 

. Mured that after the war;the d^qtal pc^tion wi^ " 
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150. The pMnciples which In onr opinion should be maintained are well 
set out In the following reply wUh which we are In complete agreement; 

** The answer Is In the affirmative, but I would couple with this answer, tfie 
observation that however much the amount of Government assistance nmy 
grow to be, It la of vital Importance that the universities should retain full 
Independence. The State obviously, If It finds the money, has the right to 
know how the money Is spent, and the right also to Inspect the Institution 
under all reasonable conditions; but the whole future of English university 
work and efficiency depends on the universities being left free as societies 
to do their work ^pon their own Impulse and not up^n the dictation or 
suggestion of a department of State. The principle Involved here, gops to 
the very root of university well-being, and no financial gain could ever' com- 
pensate for its sacrifice.’* ♦ ♦ • 


STIPENDS OF UNIVERSITY TEACHERS. 


157. The universities and university colleges which receive exchequer grant 
si)eiid a large proiwrtion — over 51 per cent — of their income on the salaries 
of the teacliing staff; more than half of the amount goes to professors and 
heads of departments. 

There is widespread and serious ffiWntenI; with the salaries and prospects 
of the junior staff In the scientific departuients. The initial salaries for 
such posts are so low as to be out of all relation to the capital expended 
on Uie education of the holders, and there are many competent men doing 
responsible wOrk at salaries far below what they could have earned In other 
walks of life. It must be remembered, however, that there are couipensa- 
tions in the opportunities for further study and research, and there Is a 
-Strong feeling that the Inducements to junior demonstrators to remain long 
In their posts should not bo made too great. It Is In the Interest of the 
department that there should be opportunities of testing the capacity of 
students for teaching and re^arch at as early a stage as possible; In the 
Interests of the man that he should not remain too long In a post where, 
unless he is of peculiar ability, his horizon Is necessarily limited ; and In the 
interests of the teaching profession and of applied science that there should 
b€ a supply of men who have had experience of work in a resea rchJj^tbOicirtiMy. - 

We think that, on the whole, the best way of Improving the p<|i|Uon of the 
junior staff is to decrease the time required for their official dmies rather 
than to make large increases in their salarlea At present the tendency id 
to require so much teachiug work from them that they Imye few opportunities 
for research; and so are at a disadvantage when competing for posts for 
which distinction In resear^ Is an- essential qualification; and in addUion 
to this the progress of scl^ce Is retarded as many of those .best qualified 
for original investigation are debarred from pursuing It, We are of opinion 
that the official duties of the junior scientific staff should be confined t6 at 
most four days per week, so that they may have at their disposal, a consider- 
able amount of time for original research. Tl^s plan Is already in force 4n 
some laboratories, .and we have reason to believe that the results havp .been 
satisfactory. 

There wtlU always be men whose best woid^ can be done in 

la^ratory teaching and organisation, and It Is deslnible t^t the uulveudtles 
in a position to retain them by provldihg for Mnlor men a small 
of permanent’ posts^or sub^ntlia Value; at pieaent: this is.' seldom 

po^bl&k -V V;,-V 
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‘jBELATION OF ^IVERSITIES TO SECONOAET SCHOOLS. 


158. The relations between the universities and the secondary schools need 
careful adjustment, more c^^pecially at such times of transition us the present 
day, and it is desirable to' provide at each uulvqrslty regular opport^itiea 
of discussion and negoUation with the representatives of secondary educUion. 
Kor the most part such facilities have been provided by occasional, bu. not 

- “ - •* uni- 


infrequent, conferences held chiefly between the represeutatives of the 


i II I i wLJ lit. w A Xi. » AA'W 4^ I ♦ 

vcrsities and those of the various teachers’ associations, but thei;e appear to 
us to be considerable advantages in the establishment of a more regular and 
systematic machinery organizetl on a broader basisMcfr this purpose, such as 
has recently been set up by the University of Durham and tlie representa- 
tives of education In the adjacent counties. 

THE SCOTTISH UNIVERSITIES. 

Sections 159-164 state that steps should be taken to remove the limi- 
stations which confine a large proportion of the old established bur- 
saries to the faculty of arts. 

\ ADULT EDUCATION. 

1G5. For the most part we have hitherto boeu considering fnluoatlon organised 
nnd systemntlzed in schools and ftulversUles, and we have been dealing with 
students as yet youthful nnd Immature. There Is. however, a class of learners 
who are at lust making their demands fMt, and justly Insisting that they should 
receive, however late in life, the e<lucatIonal opi>ortunitIos' which are due to 
them. These are largely men and w'omen who have reached maturity without 
receiving any education which they regard as adequate and who are eager to 
make good their detlclencles In knowledge. We are glad to see that a subcom- 
mittee has been set up by the reconstruction committee to consider the needs of 
these adult students. 

The movement Is not a now one. In n certain stnise It began a hundred years 
ngo with the foundation of mechanics’ Institutes and the work of Dr. Blrkbeck, 
when elementary and technical eiiuoatlqii wore less generally diffused than now. 
Forty years ago the university extension system began to pro^e a considerable 
amount of extra-mural teaching for. students who could neljit come Into resi- 
dence nor take a full university course, and the IWter park of the 

science teaching originally so organis'd has pns,s5S^to the hands of local edu- 
■ cation authorities, U Is'dlrectly from university exffmsion that the late tutorial 
classes and study circles have been developed. It Is only In the last few years 
Uiat there has been a considerable ^owth of adult classes, and It wqs not until 
1904 that the Workers’ Eklucattonal Association was founded. This latter or- 
ganization has created, or at any rate focused, a remarkable demand for adult 
etlucatlon, but up to the present that demand has been chiefly for knowledge It 
' 1 economic, social, and historical subjects. 

At present, so 1^ as we can learn, the little' Instruction which Is given In 
science to adults, apart from that provided In technical sthodls and universities, 
la conveyed chiefly through. the agency of fleU clubs, natural history societies, 
and mechanics’ Institutes. If this movement for adult education Is to t^ke the 
important part In the national life which seems to be opening up befdVe It, it Is 
k essential that the education which It provides should be wide ,aud Ub^ral» and 
^ ... should glt^ epjwitnniti^ fM -confined to a of lut^^ 

lectnal Uilex^sts;''^^ thls r^ulremjBnt It mast asalgnhh AtW 
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place In lU scheme to the teaching of natpral science. No modern Intellectual 
system can afford to neglect the realm natural knowIe<lge: to be Ignorant of 
Its Influences and lessons Is to belong to the past and to distrust the future. 

,1G6. We are aware that those resiwnslble for the Workers’ Educational Aks(>- 
' elation recognize In their program for educational reconstruction the ijosltion nf 
science as “a staple part of an educntlon of the traditional secondary type/’ 
and thatjthcy recommend that the technical schools should Include In their cur- 
riculum *’the study of the sciences upon which different Industries are based." 
Those few wonls are, however, the only explicit references to science In the i>ro- 
pram and Its exposition ; partly It would 'seem from a fear lest scientific teach- 
ing should be devoted wholly to lucreaslng^the manual ethdency of artisans, the 
siib.lect has been to a certain extent discredited, aud Is not even yet appreclate<l 
ns an integral part of a liberal education. There has, in fact, bei*n no serious 
(ItMimnd for In.strtictlon in science from the stud^mts who compose the classc.s 
organized by the association. To this statement one exception niu.st, howevor. 
be made, hi the neighborhood of J>mlM the tutorial classes In biology have 
^s^joused considerable edthuslasm in worklnp-clnss dtcles over a perloil of sev. 

Mr. Walker, the tutor lesponsibb* for conducting these clnssos, 
wrote to us In reply to nn inquiry : "hast nluht 1 met a class of 21 jidnlts. men 
and women, chielly factory workers, all In their se<’oml year of attindamv. 
They walked varying dl.sjances up to K miles to ipeet In class, and during our 10 
meetlugs since the conunencement of the se.ssion only two nbsvnt marks are 
recorded in the register.” Though this is ii solitary instan<*e. It shows whnL^nn 
be done when the tenchlug Is of the right kiiuV and w' Aeslro to emphasize the 
Importanc-e of develoi>ing tutorial classes In science along with other subjects. 
In this connection It may he interest to quote the following ohservatlona 
which we have received from Mr. H. Wager, r. R. S.. acting professor of botnny 
at Leeds University, w'ho si>eaks with knowledge of the chisses referred to 
above : . ’ * ^ 


"The success of science classes for adult sUnhuUs dejmnds in a simclnl degree 
on the character of the teaching and the personality of the teacher. It Is more 
difficult to secure the right sort of teaching for adult students In science than In 
such a subject as economics. The teaching of scleuce to adults may fall either 
because U Is too elementary and does not deal with solentiflc matters of general 
interest — It Is unreasonable to expect grown up people to be profoundly Inter- 




ested In the textbook accounts of the proi>ertles of oxygen and hydrog<?fr-^r 
because It Is too technical and sik^inirzed. It Is not easy to get a teacher w^ho 
will be successful In avoiding both these pitfhlls. On the other hand, It Is a" 
^ profound mistake to suppose that workingmen are naturally lack^g In Interest 
in scientific matters. Th^y are fully alive to really good teaching of science by 
a teacher who knows how to bring out their powers of reflecHon and Judgment. 
If they can not gat this kind of Intellectual stimuius In science they can as n 
rule get It in such a subject as economics, slmpty because they are themselves 
more or less acQualntM with the facts upon which the problems of ecdnomlcs 
are 

107, liee been suggested, adult education U to become a recognized 

department of the extra-mural teaching of the anlversltlee a serious responsi- 
bility devplTes on these bodies to Indod'e sdence in this work. 

Popular lectinres adence will no doul^play an important pert in balling 
the attentltm ox large, aadtences te ^e Interest and importance of the subject, 
teonoro than a j^tury b^ carried on by the lectures at 
_ brill^t spet^m like Huxley;hate 
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work of such an organ iaat Ion u« the Oilchrlat Educational Trust has been uiul 
will continue to be of great service. But if even the best popular lectures are to > 
have any permanent effect they must lead on to more serious work involving 
individual effort, to courses and to circles where systematic study will be car- 
ri^nl on. 

Again,' tliere fa a wider audience who a i*e out of reach of popular lectures ami 
who cun notattend university extension and tutorial classes— tliose wdio depend 
for their wluoBtion ou books. There is a real nee<i for well-written booksf aitd 
tdher publLrationa in which the main re.sults of reoint scientific research and 
tile MChlevements of science in the past are set forth In a manner which will 
ojipvul to iiitelliKeiit men and woiueu who have made a s[>eclal study of 
.science.. It la one of theouibirtunate results of the increasing specialization of 
scientific work that the original pai)er.s, reports, and treatises recording or sum- 
inurizing the results of research are beyond the cooiprehen.sion of those who do 
^not possess a considerable amount of scientific and mathematical knowledge. 
Science needs Its sklUedl Interpreters as well as its active pioneers. 

We are by no ujcana sure that the i>opulur interest In science U as great 
to day as it was 30 years ago. rnttl thlu*ge.iieial interest In science Is extended 
mid increased, and the deficiencies of adult cduca,tion In this resp(H:t are made 
good, an Important piece of work In national e<UicaUou remains to be done. 

IV.-STJPPLY OF T^NED SCIEM|inC WORKEES FOE INDU3- 
, ^TE^AL AND OTHEE PUEPOSES. 4 

168. The need for a great increase In the suppiy of trained scientific workers 
of all grades is a matter of the utmost gravity and urgency. It ia agreed on all 
sides that It is absolutely necessary for the prosperity and safety of the country 
after the war t!hat the development of the resources of the Empire and the pro- 
duction of our Industries must bo on a scale greatly in excess of anything w« 
liave hitherto achieved. Schemes of reconstruction and development are being 
prepared and dlscuksed; each one of thena’ squires a supply of trained workers 
and tSc proposals will bo futile unless a large army of these Is forthcoming. 
Wc shall not get these workers In anything like sufficient numbers unless we 
have great changes in our educational system, and, above ail, unless a much 
more eager desire for secondary education ts created in the minds df a great 
mass of our citizens. We must multiply the nmuber of students passing through 
our universities and technical scbodls, and this will involve a great increase In 
the number of boys and girls who complete a course of secondary education. It 
Is true thatjSincc the act of a large number of new secondary schools have 
been established, and that in the last three years not only these but a\so tha 
older schools have been tuted to their limits. Nevertheless It Is still necessary 
to increase tha flow from the elementary to the secondary achools of chlldrea 
capable of profiting from the best education these schools can glva It la of no 
less Importance to tlimlntsh the leakage, amounting now to more than 60 per 
cent, whii^ occurs tn the secondary schools before even the general course U 
completed^ 

We must by meanf of scholarships and maintenance allowancM put a com- 
plete course of training ^thln the reach of every boy or girl of sdffldait ability 
to profit by It . ^ 
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The want of appreciation by parents of the benefits of secondary education 
prevents a full utilization of the resources In the way of scholarslilps which 
are even now available, and this will continue until a ijSore lively apprecia- 
tion of secondary education Is spread throughout the country. Much as we 
may regret it there is no doubt that appeals for secondary education for ita 
own sake appear far-fetched to the majority of -parents and leave them 
untouched. 

We are 'convinced that to make ,the country eager ami willing to gvall 
itself of the* opportunities for secondary education the bonefita it coVers 
nm.st be put in a very tangible and nmtcrlul form. This we tlilnk could be 
dope by emphasizing the advantages conferred by the posa('ssl<m of the first 
•school certificate* or its enulvulent, which attests the completion of u con- 
tinuous course of Instruction at a secondary school. Tlie imlveraltlea should 
- be asked to r^uire- this as an Integral part of their normal entrance exam- 
ination, professional bodies as a condition for entering their profession, and 
. great commercial institutions as a nornml requirement^ for entering the 
higher . grades of their service. The State Itself should set the example In 
this Inspect and expect all wlio enter Its service above a certain grade to 
possess this certificate. 


We think, too, that steps should he taken to put before im rents In as clear 
and simple a way us possible the careers opcui to those who compiotc a course 
of secondary e<lucatlon, the opportunities oflfertHl by such careers, the steps^ 
to be taken to enter tbem, the nature and cost of the training, and the assist- 
ance diligent students might expect from scholarships. 

169. In the preceding sections of this report we have dealt- with tlie posi- 
tion, of natural science in different parts of the etlucatlon(il system. We have 
now to Inquire how far the system consldere<l as a whole'" Is capable of giving 
us the numl)er of men with speclalize^l scientific training who will be nee<led 
after the war for the manageuient and conduct of scientific industrk‘s and for- 


carrying on the researches in pure and applied science on which the main- • 
tenance and development of these industries so largely depend. 

In raising this quesUon we are not forgetting that the study, of science is ^ 
to be desired quite apart from any utilitarian and materlt^ ends which It may 
directly or indirectly subserwe. We have already pressed for the fuller recog- 
nition of science in schools iJPcause we regard it both by reason of Its- subject 
y matter and of the mental discipline which Its study nffofds as an essential 
element in a llbClral education ; and xv^Ue^lre, in the interests of the advance- 
ment of^natural knowledge, to see evefy encouragement given to the higher 
sfujly of science at the universities. • . • . ^ 

But lUwould have been necessary also to ^^>nslder the n^s of the trades 
and Indusfrl^ which depend upon applied scIenc^ even If we had not been 
specifically rcQMired to do so by our termfe oft reference. The needs of our 
civilization are increasing, the nation has already been deprived of the services / 
of many of Its ablest and most vigorous members. Our prancing power cab 
only bfe Increased by -well directed research, J>etter tralng and the more 
skillful Use of Bcientlflc methods of manufacture ond dlstrit^tion. Unless the 
resources of the country are sufflcl^itly developed, neither the nation as a 
of the classes in It can look for efficiency or prosperity or can 
afford to carry on the education oC its, constituent members to any adranced 
point. .V, ■ _ ^ •'• . 

^rlTO/lt is necessaiy the purpose of .pur. inquiry ttat we should^ the / 
dPmand for sd^tiflcally trai ned' workers .which , the/ . 
. ipake, and, on} the and ^soutess * 

iibl^piiipply, pbiittt dV 







THAINBD SCIENTIFIC WORKEBS. 


89 


even a rough numerical estimate of the needs of any particular industry, 
much less of industry as a whole. TU& national trade policy, the .relations 
of capital and labor, the future of mRonal establishments first organized 
for the production of munitions, and a thousand other complications deter 
those who know the situation best from venturing on more than the most 
general prophecy. But it may be worth while to set dowfi certain facts and 
oliM>rvatIons which have been brought to our notice. 

Kven before the war there was a growing demand from the industries for 
nun who iad pursued scientific studies at the universities. Thus we were 
iiifuriiuHl by the secretary of the Cambridge tnlverslty appointments board 
ihiit, out of 110 men who had taken chemistry in Part II of the Natural 
Scirme Tripos since 1900, 80 had gone into the chemical Industry; while in 
ilu^ period. 1011-1014, 40 firms had accepted men as cliemlsts, metallurgists, 
gnilngists, etc., as against 21 firms in the longer period of 1900-1910. We 
h:ive further been informed ttmt the demand for qualified students at the 
iMiinchcster Municipal School of Technology was such that studoftts were often. 
ei)):iiKod for po.sts before their courses of study were completed. As an irame- 
iliiiie result of the war the need for Increasing output Is being'* reallz^ and 
tlu* necet^ary conditions to that end explored. Kulo of thumb methods are 
seen to be Inadequate if industry in lids country Is to hold Us own. The Indi- 
vidualism which has hitherto churacterlzetl British industry Is gradually 
giving way before serious '^flforts tow’nrd com hi nation. Wltli all this there ill 
a growing consciousness of the neo<l for' organized rest^arch luto processes 


of manufacture. 1 vastly, the community has come to regUze as never before 
tliat tlie development of Industry Is the concern not only of individual em- 
ployers or groups of employees, put of the nation as a whole. 

171. The Government took on Importaut stej) when on July 28, 1015, they 
estnblislietl a committee ''of the privy . council for scientific and industrial re- 
search and associated wltli It an advisory council composed of men of the 
highest soientlrtc standing. In the reiwrt of the advisory for 1915*10 it la 
sill tod "a largely Increased supjily of com) m? tent resen rchers Is the first com* 
tUtion wdilch must he securcil If the ohjtn^t for which the committee of council 
was established Is to, In; attained.” The report goes on: It is In our view 

CiM-tiila that the number of tralmnl research workers who will be available 
at the end af the war will not suffice for the demaird ^whlch we hope will 
thou exist.” But it is not only the scfen title pioneers who will then be needed. 
Sir George Beilby, chairman o? the fuel research board. Informed us tlmt 
In the chemical industries there was nec<l for a much larger supply , of prb- 
fcHsioually trainetl chemists as works managers and process conductors men 
who hod rewlved for four or five years the kind oft training given, for example* 
at the Uoyal Te<hnIoal College, Glasgow. A similar point Is made In the 
report fpom which we haye just quote<l: '‘Effective research particularly In 
Its Industrial application calls increasingly <or the support and Impetus that 
come from the systematized deMng of a corim of sappers working Intelll- 
gcntly but under orders. We have not yet learned how to%ake the most 
of mediocre ability ♦ * yet without the scientific rank and file It will 
l>e as impossible to staff the industrial research laboratories, which are com- 
ing, as to fight a Europeai\.war with seven, divisions.” The report signlflcAtly 
adds that *Uhe respoi&iblllty for dealing with the grave situation which w« 
anticipate rests wUh , the education departments of the United Klhgdbm.” 

We asked Sir Geoi*^ ^ilby whether he^^ld give esUmate of the 

" number, bf chemists and engineer who wdaW be heed^ fcr the ^ork; whi<^^ 
^,llie, r^ntly luel ^Ve^rcb: bpetjrd had ^9 ^ 

^ pn)l^ to Ihd^ 
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t He wfts unwilling to commit himself-to any figures but pointed out that from 
on^flfth to onc-half of^the £100,000, C»00 aterUng which represents the national 
bill for raw coal Is being wastefully expended and.mlghl be saved, and that 
the saving caih only he effected by tjie eoor^eratlon of a large body of trnlne<l 
fuel experts lo carry out the um'SHtiry research work and fo Introduce ami 
BupervlHo improved mot hods in uil works "where fuel is consumed In large 
quiiiitilles. ' 

We think there are good grounds for supposing that the for a large 
number of men traitUMl in Science will be realized by industrial Arms and 
will lead to an IiuivaKtMl demand for such men In the near future. To take 
a single exumide, we were Informed by Sir Gerard Muntz that before tho ' 
war there wtu'e/ not more than half a dozen llruis In the nonferroiis trades 
which had nietallurgical Inborn tor les of their own. but in the near future it 
was likely there would be 50. It was dimcult, however, to find young men 
suit able for filling positions In. such lahorat^h^. the .sui)ply being entiiily 
inadtHpmte. Again, rhp tJovernment fund of £1.000, fKH) sterling to he jhI- 
mlnlstertHl by the dcpartinent of wdenilflo anti ImUistrin! resenwfi has led to 
an extensive nipvoment toward the forniatidn of research associations. Some - 
27 industries have already taken up the questlort and of these, Inrlml- 

Ing the Important cotton, wool, iron, photographic, ami KClontllle iusirnnicnt 
Indtistrles. are likely to Inaugurate their associations in the near fntun*. 
This departmeiit 1.^ also aiding out of Its annual vote Investigation lnt(» the 
manufacture of glass at the University of Shemehl, luto tcchnleui optics at 
the Imperial College of Science and Technology, and into hard porcelain iit 
the; Cent ml S<*lu»ol of Scieme and rei-hnology at Stoke on Trenl. us ^\ell as 
a number of reseurohos mid preparatory surveys In connection with the 
metallurgicnl and other lndusti*ies. We may ronsoniihly hope that the move, 
ment In the direction research will spread tocher Industrle.s and hrini; 
w'Uh It a more sclentllk* study of inamifacturlng processes and a gn*!der- 
demand for well-qualllled nicn as works managers and teclWcal oxi>ertH. If 
further w'e may look forward on the return of iieaoe to an Inoreiisfxl and 
more economic production of Iron and stet‘k* to the maintenance for civil pur- 
poses of factories which have been enlarged or newly established fob the 
..^^^^nmking of munitions, to the tlevelopnient of chemical w'orks for the niauTp 
^^acture of products formerly otbnlned abroad.' to a more sdentifle treatnietit 
of the problem of food production, the denmnd for professionally trained 
metallurgists, engineers, chemists, and agriculturists will be greatly Increawnl. 

To this demand there must be added the normal requirement for the medical 
profession and the lncrt»aHe<l demand for sclenoe teachers to which we hove 
ali^dy drawn attention. 

172. So far we have spoken of the Indubitable need for men with a sclcn- 
tlflc training and the probable demand that the Industries will make for their 
services. We have now ^to deal with the question of supply. How did we 
.* stand In this matter before the wa‘^‘? ^ 

In the years 1910-1914 the number of men taking first and second honors 
^ natural science tripos at Cambridge and In the final iwhool 

of natural science at Oxford averagwl 146 annually; The figures for the mod- 
em un^verslttee are not strictly comparable with these or with one another, 
but the total annual output of the first and second ctasB honors men in science 
^ and engineering for all the English uhiversltles may be put at about 600. 


works, in a^oa Includf tbOM^conceraed la. tiie manafacturo .<^ drugs, djea 
inckM<(#c«nt gis ttsbtles, jiyalbetlc smmonls, aad otiier nltrog^ com- 
POaoda, Bqtdd chloHae, tuagst«a,vtpeUet-^prodQcu which wsre fbnasrfar •hddaaMa onlyi- 
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Not all tbeae stadents pursue scientific avocatlona and ofltiosc who do some-. 

teachers or doctors. It Is clear that this supply of men with honors 
nimlitlcationH In science Is quite Inadequate, even for the particular needs of 
Nellie scientific industries. The total number of full-time men students who 
cnim^ tlie universities and uulveraity colleges of Eugland and Wales (exclud-i^ 
iiiK' the meiiical schools) in the year 1913-14 was no more than about 4,400, 
iiiiil of these some hundreds were foreign students who return J:<v their own < 
OMintrles, It Is probable thntap certain number of men who would enter other 
faruUles might l>e. iliverted to science iuul technology; but we can not look 
in ihiK (iir(H.*tlnu for any large addition to the number of science students. 

We must I(K>k rather to measures diivcied to securing an increase In the 
eniries into the universities. It is iiiipossible to regard the umuber of men 
uiio entered the universities year by year l>eforc the war hh Tiny thing but 
an inadi‘(]imte proportion of the nmnl)er of young men In this country capable 
of making good use of tlie training wiiicli the nulversliiea give. 

Altliougb women workers i rained In s^ i entitle m<*thiuls have hitherto boon 
few iu numbers, their success in the last two years has given tills country 
good roas<»n t«t Iiojk^ imic)i from their liclp-lu future. Ihit <*von though this con- 
tingent limy be much inrivast^l, it will lie long before we ure likely to obtain 
as many ns wo shall rtniiifre. for It can not be exiKiCtwi that after the war 
therr will lx* the sairte opening as there lx*«*n In the time ot' stress for 
willing Workers with im*rc*iy an imprqvlsed training. 

Special measurt*s are in our^opinioii nen*P.sury^ to Increase the supply of 
sfieiin* students because tlie deficiency in liiarkod and the need is urgent, liut 
this problem is part of the wider proldoin of iucnmslng the numT>er of. nnlver- 
siiy irniued students lu general, and can not be solved by "inoasures coucelved 
pt the special interests of science or by reforms whlcli alTect oue part of the 
e'Hucutional system, while leaving the other parts untouched. 

The deficiency of recruits for the scientific professions and Industries la Bo 
grout that there^Is uo available source of^upply which we cau afford. to leave 
untapped. * 

173. The chief direct sources of supi5ly at the present time are (1) the second- 
ary schools and (11) evening and other similar schools educating pupils below 
the nnlvorsity age. So far os tlie latter grou^ of schools Is concerned, the num- 
ber of students passing on to the universities and technical colleges could be 
largely increased. But to make this possible (i) there must be a generous pro- 
vision of scbolarsblps awarded on the result of examinations specially adapted 
to the needs of the students in question; (11) the Industries should be organl^pd 
so far as to give facilities for suitable men to pass from the works ts the uni- 
versity with the'pFospect of securing better paid posts on tbflr return to empldy- * 
ment 

The supply obtainable from secondary schools of all kinds has next vo be 
considered. With re^d to the group of public schools which receive no 
grants from the State, the answers given 'to our questionnaire show that the 
Dumber^of boys annually leaving these schools was before the war about 6,800, 
of whom ai^roxlmately 6^200 were 16 or over wbei\they left We estimate 
that from 26 per cent to. 80 per cent of all those who left passed on to the uni- 
verities. If we take the higher figure this gives an annual entry from these 
schools of 1,740 for Uie honors and pass schools In alf subjects. No doubt 
the number, of ^hoys talting adence ae, their subject of university stody ftmlid (>e 
7 Incliudowof a substani^l ^course of science as part of the g^end 

/^catlonw all In these scbcoto should result In discovery of t^tes 
f i^^Utudea tor i^ence among } those to whom tbU oi^nunlty:fras hltto 
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been denied. But when all possibilities have been taken Into account there 
Js an obvious limit to the number of science sfudents obtainable from the public 
schools 

So far as numbers go, the possIblllUes are greater In the State-aided secondarj* 
schools, provided that appropriate measures are taken to develop the potential 
supply. The number of boys over 12 years of age who left these schools in 
England and Wales In the year ending July 31, 1913, was nearly 25.000; but 
of these about two-thirds left* before the age of 16, the number leaving at 16 
years of age or over being approximately 8,800, Of these 8,800 It is only a mi- 
uoiity — probablj^ from 12 to 15 per cent— who pass on to any university. 

The main point to be noticed about these figures Is that while the absolute 
number of boys entering State-aided secondary schools is quite cdnaidernble, 
the number who stay beyond the age^pf 10 and thus come within sight of a 
university education is far too small, 

* ♦ • ♦ « 




. 175, If ^ the number of boys who remain at school for the second stage of 

secondary eilucntlon (16 to 18) Is to be Increased and the potential supply of 
university students from this source enlarged, It Is necessary to stop the serious 
leakage which now goes on before the first stage Is ix)mpleted. As things 
ore we' hove no security that it Is the abler boys who remain for a full secondary 
school course. On the contrary, It Is precisely the sharp boy who Is most likely 
to be sought after by an employer ami to enter off a wage-earning occupation 
at 15. The remedy for tills state of things is only partly In the hands of the 
educationoi authorities. A great Improvement would be effected If It became 
the general practice of employers (Including engineering firms) to recruit their 
employees from secondary schools at either 10 or 18 I, e., at ages corresponding 
to the two stages of the secondary scliool course. 

Again, If the possession of a certlfictite showing that a pupil had passed the 
first school examination after talking an approved course at a school of secondary 
grade were a passport (b employment at 16 or 18, the advantages of a secondary 
education would he more widely impresst^l upon parents. It might then become 
the exception aud not the rule for boys to leave school before the age of IG; 

, and the too prevalent practice by which hoys are sent to these schools for a 
year or two “to finish” would meet with the discouragement It deserves. 

The temptation to seize opportunities for early employment would be further 
diminished by the provision on a more generous scale of (I) maintenance allow- 
ances for those who pay no fees. Increasing' In value ns the pupils get older, 
and (it) Internal scholarships for fee-paying pupils. 

Further, there Is need for closer and more effective cooperation bet weep edu- 
cation authorities and head masters of secondary and elementary schools, so 
that the ad vintages of a secondary education may be brought to the notice 
of the parents of all the abler boys In the element ry schools. Despite what 
has already been done In this direction, there Is still a large number of able 
boys In elementary schools who for various reasons never have the chance of 
getting the higher education which the secondary school can provide. Want 
of knowledge on the part of parents and the natural but mistakei^ desire of 
some head teachers to retain their ablest boys may defeat the best-lntentlbned 
schemes of scholarship provision. There Is, In fact, a great was^te of ability, 
sometimes of a falser order. 

^ ; Yej^ clear evidence of the existence of this ability ls‘ afforded by the ad- 
' inlraity' iebem^ apprentiees. In the dockyard schools* 

^reci^^.froin municli^ geomcla^ schooU, to,whI(* boy, are 
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admitted by open competition and while serving as apprentices, the standard 
is kept up by annual rejection on the results of an examination. From these 
sriiools have come many holders of Royal and Whitworth scholarships, many 
distinguished naval architects and engineers and a large proportion of the 
directors of naval construction. 

176. It is of the first Importance that Ability should not be wasted, and If 
it is not to be wasted measures must, as we have saitl. be taken to Insure (I) 

(Imt no pupil capable of profiting by a full secondarj* education should miss the 
Opportunity of receiving It, and (II) that the leakage from the schools should 
lie. so far as possible, stopped. We have drawn attention to these matters In 
tlws section of our report on tlie principle that If there Is no milk there.can be 
cream. 

We have next to consider by what moans a larger num!)cr of the able 
lio^ican be Induced to remain at secondary schools for the period from 16 to 18 
am! Wterwnrds to pass on to the universities or technical colleges. 

Thd^rst essential Is that" there should be sufficient and attractive careers 
oi>en t(Tsurh students. Briefly, If industry wants men of scientific ability who 
have taken a college course extending over four or five years, It must be pre- 
pared to pay for them. To offer salaries of £100 to £150 a year with very In- 
definite prospects of future advancement Is useless. The salaries and'prospecta 
of advancement must be such as to Induce able young men to continue their 
education up to the nge of 22 or 23 and to persuade i>oor parents to bear the 
additional b\irden involved. ^ 

Se<’ondly. The exlstoiu'c of posts cjirryiji'g sufficient salaries and prospects 
must be made, known. Hitherto there 1ms beeu a Vldesp:;|ad Ignorance on the 
matter. It is essential but It Is not sufficient that there should be appointments 
hoards at the universities and that industrial firms should keep In close touch, 
with university professors and the teachers In technical ctdleges.' The work of 
the appoint meuts hoards should be made known to every head master In the' 
country, and the possibilities of scientific careers In connection with Industry' 
should be brought to the knowledge of parents. 

Tldrdly. Steps shouUl be taken to secure that the head masters of secondary 
schools shall be fully Informed hs to the different courses of further study which 
nre suitable for young men who desire to enter one or other of the scientific 
professions or Industries. The head masters are called upon to advise parents 
in matters affecting the future of Iholr boys and through no fault of their own 
they are -not always in the best position to do so. It is quite unsafe to assume 
that the varied opportunities for higher scleutific and technology Instruction 
which the universities and technical colleges provide are everywhere realiz^ 
by bead masters.' The remedy lies with the lnstltution.s for higher education. 
They must establish closer relations with the secondary schools, not excluding 
those outside their immediate neighborhood. . ' 

Fourthly. The nation must%ee to It that there Is a generous supply of (i) 
maintenance allowances for secondary school pupils who have passed the 
school examination, enabling them to remain at school up to 18, and (U) entrance 
scholarships at the unlveraltles sufficient to cover the cost of education. The 
oducatjlfd authorities must on the other hand do their part In stTHiigtlieDiDg 
and developing the work of the uf^r forms so that so far as possible there shall 
be within reach of every boy at least one secondary school suitably staffed 
and equipped for the purpose of providing advan^ instruction in scl^ce. 

Lastly^ if the universities are to discharge thdr responsibilities toward the 
science students who are coming and to maintain their podtion as hdmes ’^^'4.^ 
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sdeiitific learning and re»efi rcfa they must receive a measure of flnnncial sup- 
port mudi more considerable than aiiy they have received hitherto, 

178. We have stated In outline the reforms which must, In our opinion, he 
effwted If the supply of trained scientific workers is to be Increased. But It is 
useless to speak of particular reforms unless tlie need for reform Is rei'ogiiixtH] 
That adentUlc research and the scientific study and direction of industrial 
processes are luH^essury for thp development of our industries and even for ilu-ir 
maintenance, in the face of foreigu competition, is a proposition which In edu- 
cated circles will not In these days be denied. But as one of our correspomioms 
writes: “ Scientific research on ll^i^triul problexns Is of no use w'hatever to ;in 
uneducated trade. Such u trade cfff^neither state Its needs with definiteness or 
accuracy, nor cuu It inten>ret into practice and utilize the results of resenrcli. 
Indeed, It does not feel the need forl^esearch, and'* can not therefore make n 
demand for It. ♦ • • In sotue trades it will be iKK'essary to wait for the full 

development of research stdicines umil we have a generation of leaders qualHicd 
to demand and make use of industriahresoarch.*’ 

With these remarks we agree, and they liave In truth a wdder application. 
It is not only tho^ engaged in industry for whom a better scientific e<luc:ition 
is required. If science is to come by Its own the nation as u whole must 1m* 
brought to recogrilze the fundamental impu tance of the facts and principles of 
science to the right ordering of our national life. The more closely the work of 
our legislators toudtes the life of the peoi.ie the more Intimately It is concerned 
with questions of food supply, housing, tmnsport. Uic utilizntlon of natural re- 
sources. and the conditions which make for bodily health, the more dependent 
It ht'comes on the skilled advfiN* and asdstnnee of tho«<o who oin bring tlieir 
knowledge of science to 1 h*hi* on sot'inl and ocononilc problems. 

Ortalnly we must provide the requisite training and opi>ortunItieH for those 
who are cnpnble of advanciug natural knowle<lge or acting as scientific expe rts. 
But it Ig no less Important that wo should s(‘cmc for all who are of an age to 
receive It an education which will enable them to realize the vital noed'"(tf a 
knowledge of science both for the Individual and national well-holng. 

The reforms we have suggested are such as might without difficulty he carried 
out by employers, teachers, and education adtboritles working In cooperation 
We should hope that they will have l>ohlnd them the driving force of pnhilo 
opinion, stirred by the circumstances of the times to recognize the extent of onr 
national deficiencies and the need for a national effort 
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Y L That tmtnnl odence should bo Included In the general ODurae of education 
of all up to the age of about 16. * - I 81 

A That the tests of such a couree. recommeoded In ths report should, with 
ueceaaary osodihcatlons, be accepted as the normal qualification tor ectrance to 
the universities and professlona, || 

> A That real progresa In education depeuda on a revolutlctt in the public atti- 
tude toward the saUrtea of teachers and the Importance of their training. 
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r 4. That a larg* Incieaae In tb« nambw of scholaralilpa at all atagea of ednefc 
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G. That steps should be taken to secure for all pupils in 8tate>alded »econ<lary 

scliools a school life beginning not later than 12 and extending at least up 
tn 10. § 12 

7. That science should 1 m^ indude<l In the geuenil course of education for all 
jiupils in public a!ul other stM’omlary sclnmls up to the age of nl»out 16, arvd thiit 
tills general course should be followed by more siKnlallzeil study, whether in 
s< ionrt? or In other subjects. § 

S. That In all secondary sc!hm»i.s for hoys the time given to science should ho 
not U-^s than four perlnria in the first year <»f the omrse from 12 to 16 and 
not less than six peiiodfl In the thret' succeeding years. . • 5 31 

9. That increased attention should be given to the teaching of science In girls’ 

schools. ^ 20 

10. Thnt ln girls’ schools with a 2t-hour school week not les.s than 3 liours ptT 

wet'k should be devoted to science In the t)eriod 12-10. 5 25^ 

H. That a larger uumher of Staie-uided sdiouls should be encouraged to pne 

vide advanced instruction in science and Unit thosi* which hmlertake ndvintccd 
work should be staffed on a more generous scole, S 12 

12. That Id suitable localities there should l>e some school or schools where 

less time should l)C given to Imigunges and additional rime to Englisli, scleiU’e, 
ntHtheimilics, mamiHl iiistnictiou, and lifa wing. § 

13. That In the curricula of uH prep^ifttory schools provision should be made for 

the teaching of the elements of natural science as tiefined In section 22. § 22 

14. That the usual age of entry into the public schools rfiould be lowered to 

13 and that Uiis should be the maximum ago for entrance scholarship exami- 
nations. I 13 

ir>. Thftl the olenieiifK of natural science should bo a necessary i^bject in the 
entrance exnminntion of public schwls nnd tlint due weight should be given to 
tliis Subject in the entrance scholarship examinations to public schools. f 22 

16. That general education would be btmelited by there being no division of 
schools Into sides at the 12 to 16 stage. y • I 32 

SCtENCE COITBSE 12 TO ^0. 


17. That the science work for pupils udder 16 shijuld be planned as a self- 

contained course and should include, besides physics and chemistry, some study 
of plant and animal life. }( 42 . 53 

18. That more attention should be directed to those aspects of the sciences 
which bear directly on the objects and experiences of everyday life. I ( 47 , 48 

10. That there should be as close correlation as possible between the teaching 
of umthematics and science at all stages In school w’ork. S 45 

20. That the present chaos of SngliKh weights and measures causes waste of 

time aild ooufusiou of thought and tliat there are strong educational reasons for 
the adoption of the metric system. . | §55 

21. That all througl^e science course stress should be laid on the accurate 

use of the KogUsh lanmage. | 55 



SCIENCE COIXKSE 16 TO 18. 

22. That the^'lMimnt of time devoted from 16 to 18 to the Bnbject or sabjecta 
in which a pupil is speciaUtlng should be not less than one-half or more than 
t^thirds of the s^ool week. f qq 

2^ That thpM specialising in science shopid continue some literary stody aM 
^lose ai^attaiiig In llteraty su^ects should idvi) .sotne tlxne. ncteoce'kork 
of an ai>ph)prtate kind^ ; : ^ - .166" 
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24. That courses In science of the kind suggested In section 64 should be pro- 
vided for those specializing In subjects other than scIenc^. | Oi 

25. That pupils* \ibo do advanced work In science should be enabled to' acQuIre 

a reading knowledge of French and German. | 65 

26. That 18 should be the normal age of entry from secondary schools to the 

universities, and that the age limit for entrance scholarships at Oxford and 
Cambridge should be reduced to 18. || 57, jg 

EXAMINATIONS. 


1^ 


27. That In the first school examination all candidates should be required to 

sutifrff'Mte^examiners both In mathematics and In natural science. $ 33 

28. Tliat In this examination there should be cooperation between the teachers 
nd examiners, and weight should be attached to the pupil’s school record. I 37 

29. That the examinations In science for the leaving certificate of the Scottish 

education department should include a written test, | 86 

TEACH^EBS IN SECONDABY SCHOOLS. 

30. That it is essential that salaries and prospects of teachers in secondary 

schools should be substantially Improved and a national pension scheme pro- 
vided. S 73 

31. That a full year’s training shared between school and university is neces- 
sary for all teachers In secondary schools. S 77 

32. That grants for teachers In training should be available for all suitable 

Inspected secondary schools. | 77 

33. That short courses of training of various types should be provided for 

teachers. I 79 

LABOBATpEIES. 

34. That the teachers In State-aided schools should be given freefiora- and rp- 

sponsibillty In the selection and purchase of laboratory appliances up to a fixed 
annual amount ' | 8i 

ELEMENTABY SCHOOLS. 

35. That increased attention should be given to the provision of suitable 

InstnictioD In science in the upper standards of elementary schools. I 38 

36. That a larger number of students in training colleges should be en- 
couraged to take advanced courses in science. | 80 

37. That there should be in every eleraentgry school a room in addition to 

the - ordinary classroom accommodation available for work in science and 
other practical subjects. ^ I 91 

TECHNICAJi EDUCATION. 

. 38. That greater efforts should be made to develop and Increase the pro- 
vision of instruction In pure and In applied science In technical schools and 
Institutions of all grades. That arrangements should bo made for consult f\' 
tlon t^tweeu the various Institutions giving secondary- and technical instruc- 
tion within any area. | 90 

39. That many more scholarships arc needed to enable technical students 
to pass on to the unlvensitles, and also to enable boys from Junior technical 
schools (or their equivalent) and from evening schools to enter senior technical 
school s. I 96 

^i^t .the position of Junior technlj^t iKhools in the educational aystem 
should be ^ , j"98 
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41. That It Is essential that the salaries and prospects of teachers in tech- 

niral schools should substantially improved, and a national pension scheme 
provided for whole-tlpie leachers. | 9 q 

42. That In the proposed continuation classes provision should be made for 
instruction in science both in its genernl nsu>ects and in its bearing on Indus- 

- ^ , I 95 

MEDICINE. 

43. That the first school examlimtion should be revognized by the Gen- 

eral Medical Council as qualifying for entrance into the medical profes- 
S'®"* , ‘ I 100 

44. That students should he allowct’ to take the first profea.slonni examina- 

tion in (a) chemistry and pli.vsic.s and (h) Idology l>efore entering the univer- 
sity or medical school. § 1 Q 2 

45. That more scholarships should he provided for nimlidate^^of both sexes 

tenable throughout the medical course. $ io3 

ENGINEERING. 


40. Thai a Ihorotigh and pnictical training in matlieinatlcs and science Is 
essential to the school wlucuUon of engine<'rs; it can not be replaced and 
netnl not he .suppleimMite<] at school by practice in an engineering work- 

5§ 106-107 

AGRICULTURE. 

47. That spo<’Ific instruction in ngr^ulturo or agricultural science should 
not he given In elementary or secoutlary schools, though under favorable cir- 
cumstances a niral bins tnay he given to the work of a secondary school. 

. fiS 114, 115, 117 

4S. Tlmt nil county e<luca(ion yiuthorlties actiu'g either singly or In coopera- 
tion should provide wolhequlpptHl farm Institutes for their areas.. § 110 

ABluhf. 

49. That s<*lence should he tin (Otllgntory su1>Jih.T In the examination for 

entrance into tlie Uoynl Military College, Snndimrst, ami should be Included 
in the course of Instruction In tlie college. ^ ( X20 

50. Tlmt steps should Iw taken to improve the efficiency of the Instruction 

In science at the Ttoyai Military Academy, >VoolwIch. | 120 

51. That more encouragement should he given to officers at later stages of 

their career to. improve their Kclentlflc Qualifications. 12 O, 121, 123 

HOME AND INDIA CIVIL SERVICE. 

52. Tlmt an Inquiry should be made as to the best methods of securing the 

services of scientific men for the purposes of the Stated In pehagnent posts 
ami otherwise, I 181 

53. That mahy iK*nimnent posts can best be filled by men selecfli not by . 

tile ordinary competitive examination, hut at a riimr age on the ground^of high 
bcieutific qualifications and professional experience. > | i 2 g 

54. That all candidates for the competitive examination for these service . 

should supply evidence of a continuous cofirse of training In science extend- 
ing over several years. || 125-128 

55. That, to Insure sufficient catholicity in questions propounded in. the viva 

|oc^ examination, these exaniiuers 'should Include some repr^ntatlve of 
.science, I 127 

20 - 7 - ^ . 



98 


Natural •SCIENCE teaching in great Britain. 


5T>. Tim I If science be uof reguired. as urfced In reconinieiuiatlon No. r/i 
for the India dvil service, it be a necessary supplementary subject for those 
who tiikf eitluT clnsslcs or modern laiipiuj;os as their main subject. i 120 

57, That the limits of the India civil service and fhe university entrance 
8« holarshlp exam Uiat ions should coincide so far as possible. S 120 

UNIVERSITY EDUCATION. 


5m. That the universities slmuld mlopt the school examination a.s tlie 
nonntd examlnhtlon for admission and aliouid abolish special inatrienlntinii 
examinatloDfl for candidates from schools. § i:t:t 

5ft. That Creek ahould not Ik* retaineil us a necessary subject in rcsiimi; ions 
at Oxford or the previous exanilimtifm at Onmhrldpe. i KM 

GO. That the universities should make special arranjrementi^ to- t^'st iho 
fitness for entrance of candidates who are (tver 28 years of age. § K*V> 

DEGREE COURSES IN SCIENCE AT THE UNIVERSITIES. 

61. That the universities of Oxford ami Cumltridge sliould arrance to pro- 

vide more suitable courscH In science for cHmlidntes who do not aim at an 
honors degree. ’ S H4 

62. That candidates for the university Intermediate examinations should 

be allowed to take the examinations from school. $ 14S 

63. That the universities sfTould recognize the second school exnmlitatlon 
ts alternative to the wlmle or part of Ujeir Imennediute examinations. 5 148 

64. That It Is desirable that a year si>eid nmitdy on re.search should form 

part of the work of university students’preparing f(»r careers concerned with 
science and Its applications; hut this should follow the course for a 6rst 
‘degree In science. S 149 

That scholarships are needed enable a young graduate to spend a 
year or more In research, at Ids own or at another iinlverslt.v. 5 151 

STATE AID TO THE UNIVERSITIES. 

66. That large expemllturo of piiblle money Is nei’er^ry to equip the \ml- 
versltles for their work In pure aiul In applied sclem'e. 5§ 151 

That grants from puhlle funds to the universities should be Increase<l to 
allow the universities to make a substantial reduction In their fees. I 143 


UNIVERSITY TEACHERS. 

68. That the duties of junior demoastrator.s should be limited so that they 
can spend a considerable amount of time on res<*arch. 4 157 

60. That there should be posts of substantial value In university dei^art- 
ments for senior men whose heat work lies in teaching. ( 157 

70. lirnt the heads of teChnologrIcnl departiuenta should be allowed to under- 
take private professional practice. I 153 


SCOTTISH UNIVERSITIES. 


71. That steps should be taken to remove the limitations which confine a 
large proportion of the old established bursaries the faculty of arts. I 103 

SOHOLABaHlES AT SOHOOLfl AND X^NIVERSXTIES. 

72. That scholarships should be considered as distinetlons ^warded In recog- 

Dltlon of Inteilecfual merit an^ promise. | 130 


TR That All scholarships should be of nominal . value, to be' supplemented 
aeiwrdlng tb newl. . ’ H 2S, 136 
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That where necessary the whole cost of a scholar’s education and maln- 
tiMiimoe should be defrayetl H 23, 1S8 

7“.. That scholarships at the universities should be tenable for at least thns? 

with a possibllfty of extension. | i;w 

Ti;. That scholarships awarded by local education authorities should not Im- 
iV"UirU‘il to particular iml verst ties. § j;is 

77. That scholarships at the universities slioiild be awarded on a wide!- 
niiiKe of subjects than at present i i4u 

7H. That tlie age limit for scholarships at Oxford and Cambridge sho’ihl 
hr IK rather Umii It). 14] 

7l>. That scholarship.s should not be awarded on w(uk done in Urge pass 
cxaiJiirmtlons for schools. { 140 

KO. That scholarships to tlie universities for candidates from technical and 
tMcning scliools should be awurded without an age litnlt, and for the prcsetit 
on a limited range of subject. § 142 

51. That the uumber of 8choIarshlj>s at the wmuen's colleges should be 

imT(*a.sed. | 29 

52. Tlmt loan fnmls shuuld he established t.o enable stmlor stiulents to 

ohtsin profes.sional training. }{ 103.143 


SUPPLY OP TRAINED SCIENTIFIC WORKERS. 

8.1. 1 hut C(tncerft*d efforts .should l>e nmde by employers, teachers, local 
education authorities, and the Sttjte to Increti^ie the flow of capnhle students 
to tbe uhlverRitlo.s and higher technicnl Instituttoiis with a view to se<*uring 
the Irirger supply of tndned ficlentlflc worker* nniniresl for ln<!ustria1 and 


other puriK>9e», 
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^PENDIX. 


A. ftUESTIONNAIKE ADDKESSED TO PUBLIC SCHOOLS, 


Tlie st’lmols reprosont^I on the Ileadumsters’ Conference which are not in 
rm-ipt of Govermnont grunt were asked to supply Information as to the posi* 
tlofi of natural sclem*e^ In their curricula and ns to their arrangements for 
giving Instruction In It. On account of the want of publlshetl information ns to 
these schools, It was thought dt^irable to send to them a long and elaborate* 
questionnaire dealing with the details of school organization. The main points 
with vs'hlch the questions were conoernwl were the following: ^ • 

Previovg cdi/ca/ion of boys at preparatory schools or in junior depart- 
ments; examinations for admission. * 

(6) Oeneral school organization us to the number.s of boys leav- 
ing after the age of Ifi; divi.slon of the school Into sides ami arrangements for 
the transfer from one side to another: classiMcation of hoy.s Into sets for 
science, or for mat hemn ties, or for both subjects. 

(c) C«m'cw/fi, — Sul)jw-ts titught. and time aIIotte<l to them In the various 
parts of the school ; the position of science In the curriculum for all boys and 
for boys who wish to d(‘Vote a largo amount of time to It; arrangements made 
for boys wdio pnss rm to inedlclm^ or to engineering or to agriculture, and for 
^oya who work for university Intermediate oxumlnnIi<uis nt .school. 

(d) Scholarships awarded by the school . — (1) At entrance, (2) to boys 
already at the sdhool, (3) to boys passing on to universities or higher technical 
Instllutlons ; distribution of these scholarships to different studlt's. 

(c) Scholarships after lenring si'hool . — (1) Ity scluml entrance 

8<'hoIar9, (2-) by other In the various subjects. Admissiomi to the Royal 
Military Academy, Woolwich. 

if) Staff . — Statistics ns to the numbers of mnstera teaching science only, 
or mathematics only, or both subjects; other subjects laught hy science masters; 
supervision of science tenchhtg hy a speidal nin.ster FesponsIl)lo for organizing it, 

(y) fjaboraiorU».H and equipment . — Number and nature of exlstllig Inborn- 
tories; their nde<iuacy If more science tcachirtg were tmdertuken; the provision 
of laboratory assist nitt.s; special fees for lahomtory work. 

B. aUESTlOKNAIBE TO GHEMICAI MANUFACTURERS. 


1. Into what grades or classes w'ould you divide your chemically trained 
cinploytK's? 


2. At what age do you prefer these classes to enter the works,^ and from* 
what educational Institutions — secondary sch^ls, technical colleges, unlversU. 
ties — are they drawn? 


it 


3. How far do you find their previous chemical training of use to them? 
Whnt modifications In their scientific training wottld you suggest In order to 
tuake them moye useful? 

4. How far do you consider U^at some previous knowledge of engtneerlng 
would be. of advantage to tbeui? 









APPENDIX. 




toi 

5. What rates of pay tn imrmal times wouhl you .consider adequate (I) 
a hoy entering at 16; (il) for a yoqng man after a college career; (lil) for a \ 
man after having done a year or more of research work? \ 

6/ Do you consider that some previous scientific knowledge and training la 
desirable for those employees w'ho ore engaged In tlie buying and selling 
deportments of your business, as dlstlngulshe<l from those engageil In work dl- 
re('tly related to processes of inn nu fact ure? If so, In what would this training 
consist? 

7. What facilities,. If any, are provided for the continued education Id 
science, whether In works sAiools or elsewhere, of your em^fioyees after they 
enter your service? Are the courses In science provided In the day or evening 
( insses which your employees attend such as to give them furtlier scientific 
education which Is of direct value to tliem In their work? 

Have you any dilliculty In obtaining suitably trained men In all grades? 

1). How fur would you consider It possible or advantageous that ther^ should 
ho cooporation in research work between ebeiiilcal works and laboratories of 
educational Institutions? 

C. QTTESTIOSKAIKE to' ESGIM^EK niO FIKM8. '' 

1. IIiu^jgSffAiVw the character of the work they are calle<l upon to under- 
take, whtiSaje the <llflferent grades or classes In which your emoloyees are 
placed when they enter the service of your firm? 

2. At what ages do you prefer these classs to enter? 

X Do lads or young men who have spent more time than usual on their 
education find any ditliculty In entering your employment? 

4. From what o<lncatlonal Institutions are they drawn — elementary, sec- ^ 
ondary, or technical schools, university colleges? 

r>. Do you hold an entrance examination, or Is any paper qualification neces- 
sary or desirable for adnilsslon to uny grade? 

0. What ino<llUcntIon, If any. In tlieir previous education would you suggest 
in order to make tiiem iuore useful?' 

7. T?o you think that all your euiploytH^s who have been at school until 16 
slmnld have re<elve<f, hesld<*s a general education Including elementary raathe- 
malics ami drawing, training In the principles of physics and chemistry? 

8. Have you any definite system of Joint training In the works and technical « 
school on unlvjcrsity '(such as attending the technical schools for two after- 
noons a week, or a sandwich system for longer periods)? If so, are the results 
reas<uml>ly satisfactory and In wliut directions might Improvements be made? 

9. To what extent do the facilities offered at the local technical schools 
supply tl»c need for part-time education? 

10. Has any lack of such facilities caused you difficulty tn selecting fore- 
men ami men In oUier responsibly positions from among your own employees? 

11. Do you make any perlodlcSl assessment of the progress of apprentices, 
hnth in the shops and In their theoretical training? And Is any means aftorded^ 
of pi'omotlon of apprentices frojn one grade to another? 

J2. Hefory the war had you any difficulty In obtaining suitably ti:alned 
apprentices In' any grade? ^ 

13. Any addlft||al observatloi<s or suggestion^ -bearing on the following 
passage In the ^multtee’s terms of reference^ *‘To advise* what measures are 
netnled ta promote the study of science, regard being had to , , , the Interests ' 
of the trades, industries, imd profmtons which partic)Mtrly depend upon . 
applied science* . ; . ' .. 
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D. ttUKSTIONNAIEE ADDESS9ED TO EEPEESSKTATIVES OP AOilCTTL- 

TUEE. 


1. Preparation for the agricultural college.— Whtit preliminary training In 
science, If any, do you consider desirable In the socomlary schools for boys wlio 
! are going to enter nn agrieiiltnral .'ollege or department? Should this Irnln- 

I Ing consist o^|#pec!fir tnstnictlon In chemistry, physics, botany, or zoology, or 

would you prefer a more generalized acquaintance with the whole field of 
I the 'physical and natural sciences? Woiikl you wish tliat the selKu>i einirse 

j should enabruce any instniction In ugrieulture or agricultural sciei»ce? 

k 2. Preparation of bojfs trho icill attend farm instifvtpjt for short technical 

, courses of agrimtlture, and who intcn^i to become icorfrino fanners or bniiiffs. 

I If these boys attend a country setondnry school up to the age of 10 or there- 

I ^ abouts before coining to the fnnn institute, whnt science teaching sliould they 
I receive at school ns a preparation for the later technical Instniction? 

3. Have you any experience of stH'ondary scIiooIm with a nirn! i>ias? Do 
you consider that the country grammar' school can protitnbly devdiop mi 
agricultural side or bias, either as an nlternutlve to the ftirm Institute or in 
j preparation ; for it, the cml being the training of the working fanner, who 

i » wUl not usually go to the agricuirurnl college? 

I 4. How do you eonslder sclentilic or lechnitral instruct Itui can b(‘st i>e given 

I to the future sniHll holder or agricultural lalmreUi Have you any exiKTlonco 

1 of continuation sclnxils, which carry on the boy’s education after he has left 

I * the primary school and while he is at work on the farm? What form of in- 
’ structiou, agricultural or scientific, do you consider can heat be given under 

these copditions? 

5. Have you any suggestions to make concerning the training of the temdiei's 
who will be required for the above purpost's? 

The committee will welcome any further suggestions with regard to the 
character t>r extent of the scientific training of ntiv uf the classes who will be' 
engaged in the working, nmmigeimmt, or ndmiiilstniUoii s>f land. 

E. aiTESTIONNAIEE ADDRESSED TO UNIVERSITIES ^D UNIVERSITY 
COLLEOlIIS IN GREAT BRITAIN. 


1. To what extent ia it desirable that a somewhat prolongetl elementary 
training in science, with lalxirtj^jyry wi>rk, shouid have bcK*n un obiigardry part 
of the secondary school e<hicatlofi of all students* at some time previous to 

. their entering the univei-slty. and dws this apply to the needs of all fucultii^s .' 

2. In view of the development of more advanced scientific teaching in die 
highest clnsscN of secondary hcIiooIs, Is 1 1 desirable to make arraugeinenis 
which will relieve students from heln^^^iutred, on their entrance to the 
tiniversltys to rei)eut work which tbe^ have already done at school, e. g. : 

<a) Should the lnteriiu*dlnte exarolnatlop for the B. Sc. degree and the fii st 
M. B, exBtnination be allowctl to be taken from school? If so, on what smirity 
as to adequate teaching and lalxwatory work jn the school coufSe? 

' • (ft) Is It tlesirable thati>n entering the jniiveflAty every student of science 

and of medifdne should go through one year’s' course in pure scleuce .UK?gin- 
ning at the level already readied at school) preparatory to more siWalizfHi 
^ study? * 


Mm 


(o) Would It be desirable to allow well-prejmred candidates to take rlu 
first part of their degree examination at an earlliT sta^ than at present? 

E With regard to the* requirements of sdeuce, Ib there heed foi 

; furtlw finauc^l assUtauce from public fuuds for chtrance scholartAlps whlcb 
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would encourage and enable an increased number of students to undertake 
II course of study for riS^degree or diploma at the university? 

Wimt should be the value of such scholarships; their length of tenure;* 
u-hat'extensloD of tenure should be posHlble in approved cases; how, and by 
uhlcli authority, should the f*clioIarslili>« be awarded; should the scholursiilps. 
if iiwnrdHi by open competitive examination, be of small money value, to bo 
Mipploinontod ncconling to the iilmmIs or drcumspinces of the candIdQie after 
ronfidentinl Inquiry? 

A. Is It desirable to give to the wlimots of entrance scholarships, and of ' 
major county scliolarsliiiis, free<lom of choice between the various degree 
conrw>s ofTeretl by tJie uriiverHityV Siiould studonts be required to take special 
snhjocta in the oxuminathms for entrance* scholarships ami for county major 
scholarships jK*coi*(Ung to the degree course which they intend to pursue at 
Hie university? 

5. Is the present matriculation exaiiiliintlon satisfactory for older students, 

say, of over i!l years of age. in whose earm‘r there has been a long Interval 
between Hie close qf their scliool course and their decision to seek admission 
to the university? < 

6. Are the present degree couisoh In science found to encourage in the 
students something uf the reseureh spirit? Should wmie ro«earc-h work be 
required ns part of the course for students 8(H*klng honors In science? 

, 7. is ii tli^irable t<i luovide a degrw com-se which coinbliies more fully 
mathematics and some lira rich of science? 

8. Do the pnvsent degrtn'^ cours«*s in pure science sufficiently' meet tlie 
needs of tho^e students who will Inter seek employment in sclentlflc posta 
cminected with liulustry? 

9. It has iKHMi suggeste<l that there are some students w'hose rn^s would best 
he met by the study of soidevts which do not conatltuto a recognized group 
provided fur in lUv regulations for any one degree examination; and that 
arrangements sliould l>e umde so that a satisfactory, aggregate of work in 
siu li sul)jeetH should qua lily for a degrtv. Do you approve of this suggestion T 

Are any new comhiimtlons desirable among the courses for a d^ree in 
science, e. g., of chemistr.v uml englneeriug in preparation for certain Indus- 
trial ix»sts? 

10. Is it desirable that further encourageimait should be given to student^ of 
applied science to study during their university course— (o) modern lanp ' 
guage? (k) economies? * 

11. Is further provision necessary for tlie encouragement of advanced courses 

of study and research on Uie part of men and women who have already grada- 
uted, e, g. : ' / 

(o) By extension of .lab4>ratorles ; 

(6) By the establishment of new professorships or lectureships; 

(c) By the offer of a jiew degree, t^mmon to all faculties, to be obtained 

after two j^r^’ advancetl study. Including Independent Investiga- 
tion ; 

(d) By the provlsloijf additionnl fellowships or graduate scholarships; 

(6) By facilities lOTtile publication of the rc^sults of research? 

12. Would the min*er8ity be In favor of Increased facilities for. students, 

graduate ^nd undergraduate, to pass from one university to another for the 
study of special subjects? ' • 

. 13,— (a) In the older-unlversitles wemid the interests of the study of pure 

science be furthered by lucrealfed facilities for the study of 
appllf^ science? . ’ 
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(6) Id some Dnlversltlee of more recent foundation Is, It desirable to 
atren^hen the facilities for research In pur^ science In the in- 
terests of the study of applle<l science? 

(c) Is It desirable that new chairs or other teaching or research posts 
» Id pure or applied^ science should be establishe<I. and that' other 

Increased facilities for the study of thag{^ subjects should be 
provided? 

14. Are the salaries and the prospects of proniotloa (>fferetl within the uni- 
versity or available elsewhere for junior juenibers of the scientific staffs of 
universities adequate to secure effective service and the new recruits re^iuir^l? 

9 15. What means have been found most effective In securing cooperation 

between the" various lH(Iustrk»s ami tliose stdentific and other departments of 
the university which are most closely connected with their resptHrtive needs, 
e. g. : ' 

' (a) Establishment of ndvisoo' committees: their comiwsltion and duties; 

(6) Allowance of private professional practice on the part of professy^ 
and other raeml>ers of the university, staff; . 

(c) Industrial research studentships In the university laboratories; 

. (<f)i Provision of special facilities in*4he university lal>orfttorles for re- 

search conducted under conditions of privacy on behalf of private 
firms or combinations of firms; 

(o) Establishment of appointments committee; ' 

(/) Facilities by which students of applleil science may have a period of 
experience In factories, etc.? 

• 1®. What form of preparotKtn In . the practice of teaching Is offered to 

Btudents Intending to become science masters or mistresses in schools? At what 
stage or stages should such a course be taken? Are there sufficient scholarships 
for students taking such a course? Are Rpt'clnl courses of lectures and labora- 
tory work open at the unlvefSlty to those wl?o are already vvorklng as teachers 
Of science lussocoodary schools? If so, what i.s the best time of year for such 
^urse^ and what should be the duration of (be course? 

VPi the conditions laid down by the committee of the privy .council for 
scientific and Industrial research enable full use to be made of the scientific 
resouebes of the university In the prosecution of research? 

18. larger subsidies from the treastiry.nSw reqnlretl (a) for the ade- 
quate development of the work of the university Jn pure and applied science; 

(o) for the general puriwses of the university? ^ • f 

Is It desirable that the Government should make building and equipment 
grants for the provision of new laboratories in the English universities? 

steps taken to secure Interchange of views and experience between 
the members of the university staff and the headmasterg^nd headmistresses' 
of secondary schools and the teaching stofTs of technl 9 al colleges on ^ucatlonal 
matterst Including the careers op^ to students? ^ . 

20. Has there.^D* collaboration in teaching or research between members 
of the sdentific staffs of the university, of the technical schools, and of the ^ 
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General education, secondary schools, 22-23. 

Girls’ schools, England, science teaching, 19-22. 

Grant-earning secondary schools, science teaching, 10-13, 

Greek, compulsory, at Oxford and Cambridge, 73. 

History of science, teaching, 37-^38. 

India civil service, scienflflc training, 71-72. ^ 

Industries, chemical, value of training for, 68-00; questionnaire addressed to. 
100-102; reMpsentation of, In technical schools, 52; supply of trained scien- 
tific workers; 87-04. 

Inspection of schools. 23-24. ^ ’ 

Junior technical schools. 63-54. 

laboratories, accommodation and equipment, 4^6, 83-84; vyork, 81L i 
I^tln, and entrance examination iq medical schools. 5i . * < i 

Ubi^aii^ scientific, 45-46 ; technical schools. 59K 
Mathematics and natural science, correlation. 28-28L ^ 

Medical' students, future supply, 58-50, 
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Technical education, 48-55. 
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Wales, sdentific education, 39. « 

War, Mcemlty oi qclenoe in, 9. 

X 

o 


. 







